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ANALYSIS  OF  DESIGN  FOR  LONG  SAULT  CANAL 
AND  DIKES  NOS.  1,  3,  5  and  6 

SECTION  I 

INTRODUCTION 

1-01,  GENERAL.  This  design  analysis  presents  the  general  basis 
of  design  based  on  information  and  data  available  at  this  date  for  the 
Long  Sault  Canal  and  Dikes  1,  3*  5   fi>nd  6,  a  part  of  the  development  of 
the  International  Rapids  Section  of  the  St,  Lawrei;ice  River.  Dikes  1,  3t 
5  and  6  were  studied  as  it  was  determined  that  these  dikes  can  be 
economically  constructed  as  suitable  material  can  be  obtained  from  canal 
excavation. 

1-02,  DESCRIPTION  OF  PROJECT. 

(a)  Location.  The  Long  Sault  Canal  will  extend  from  the 
St.  Lawrence  River  at  Richards  Point,  about  three  and  one-half  miles 
northwest  of  ^ssena.  New  York,  to  the  same  river  at  the  mouth  of  the 
Grass  River,  about  seven  miles  east  of  Massena* 

(b)  General  Description  of  Canal* 

(1)  The  overall  length  of  the  canal  is  approximately 
10  miles  and  the  bottom  width  generally  442  feet,  with  side  slopes  of 
1  on  2  to  1  on  6.  From  Richards  Point  to  Robinson  Bay  Lock  site,  the 
canal  will  be  excavated  to  a  bottom  grade  of  elevation  210.5  M.S,L.,  and 
from  Robinson  Bay  Lock  site  to  Qrass  River  Lock  site,  to  elevation 
173»0M,S.L.  The  above  grades  arc  designed  to  provide  a  depth  of 
27  feet  at  low  water  stages  throughout  the  canal, 

(2)  practically  all  the  Long  Sault  Canal  will  be  th-sough 
pool  areas  with  open  water  on  both  sides  of  the  channel.  Therefore  this 
channel  has  been  designed  for  a  bed  width  of  450  feet  for  25  feet  depth, 
modified  to  442  feet  for  2?  feet  depth.  These  v.-idths  and  depths  originate 
in  the  Report  of  the  Joint  Board  of  Engineers,  dated  November  16,  I926, 
On  account  of  the  canal  being  routed  through  many  areas  of  soft  clay 
formation,  the  spoil  banks  have  been  placed  at  what  is  considered  a 
minimum  safe  distance  from  the  edge  of  the  canal  to  eliminate  the  danger 
of  slides,  viiich  would  probably  cause  high  maintenance  charges.  In  the 
bank  cuts  in  hard  material  the  full  width  (442  feet)  has  been  retained 
to  provide  sufficient  material  for  building  appurtenant  dikes;  thus 
dispensing  with  short  bottlenecks  in  the  canal  which  otherr/ise  would 
occur,  if  the  channel  v«re  reduced  in  width  at  these  points,  Con- 
sidering prevailing  winds  and  probably  cross  currents  in  the  pool 
above  the  guard  gate,  full  v/idths  has  been  retained  throughout  this 
position  of  the  channel, 

(c)  General  Description  of  Dikes.  The  dikes  along  the  canal 
will  vary  i..  height  from  3  feet  to  5°  feet,  will  be  compacted  earth 
obtained  from  Canal  excavation,  or  from  borrow  and  will  be  protected 

on  the  pool  side  with  riprap.  The  crest  of  the  dikes  above  Robinson 
Bay  Lock  site  will  beat  elevation  254«5  M,S.L,  and  those  below 
Robinson  Bay  Lock  site  will  be  at  elevation  208.0  M.S.L. 

(d)  Purpose,  The  Long  Sault  Canal  and  dikes  will  serve  to 
pass  navigation  around  the  Long  Sault  Dam  and  Power  Houses  which  are 

■  to  be  built  at  the  upper  and  lower  end  of  Barnhart  Island, 

(e)  Geolopy. 

(1)     The  ijng  Sault  Canal  and  dikes  are  located  in  a 
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region  of  low  relief  which  has  been  fereatly  modified  by  glaciation  and 
an  in-Tasion  of  the  sea*    The  low  hills  in  this  area  are  con5>osed  almost 
entirely  of  glacial  till,  and  the  valleys  have  been  filled  with  alluvial 
sediments  laid  down  in  the  salt  waterw  of  the  Chsmplain  Sea* 

(2)  As  the  last  glacier  advemced  over  the  region  from 
the  northeast,   it  scraped  off  the  old  residual  soil  and  reworked  it 
with  fragnents  torn  from  the  bedrock.    When  the  ice  became  clogged  with 
this  material,  the  debris  was  scraped  off  the  hot  ton  of  the  ice  and 
left  plastered  on  the  bedrock  pavement  while  over  it  rode  the  great  ice 
mass.     Elongated  lenticular  masses  of  the  material  on  the  ice  bottom 
were  scraped  off  to  foim  the  low  hills  which  at  present  give  the  region 
most  of  its  present  relief.    These  deposits  are  cOTipact,  variablet 
relatively  impervious,  unatratified  till.     The  till  contains  material 
of  all  sizes  from  boulders  to  clay* 

(3)  Where  the  ice  advance  halted  briefly  fronting  a  valley 
transverse  to  its  course,  sane  material  was  i«shed  off  the  ice  front 
and  became  trapped  in  the  valley  bottom*    These  are  deposita  of  ■nail 
extent  and  consist  of  pervious  sand  and  gravel  beneath  the  ecmpact  till* 

(4)  Since  much  of  the  material  transported  by  the  ice  was 
carried  on  or  in  the  ice  mass  itself,  when  the  glacier  wasted  away,   these 
materials  were  deposited  on  the  ecmpact,  bottcm-ice  till*    Where  melt-water 
was  available  for  sorting,   this  material  may  be  roughly  stratified  and 
washed  to  form  deposits  of  relatively  pervious  sand  and  gravel*     In  other 
localities  where  ice  dissipation  was  mainly  evaporation,  the  material 

was  merely  dropped  without  sorting*     This  upper  till  blaifloet  consists  of 
loose  to  fairly  compact,  variable,  cohesionless  material  varying  in  grad- 
ation frooa  boulders  to  clay* 

(5)  The  St*  Lawrence  Valley  was  depressed  below  sea  level  by  the 
weight  of  the  glacial  ice  so  when  the  ice  loan  was  relieved  and  the     ice 
retreated  northward  far  enough  to  uncover  the  mouth  of  the  valley,   the  ocean 
spread  inlani  and  occupied  the  entire  valley  as  far  west  as  Brockville, 
Ontario*     This  salt  water  invasion  is  recorded  in  the  alluvial  sediments 
which  have  filled  the  valleys  between  the  till  hills,  and  is  also  evidenced 
by  the  beaches  cut  in  these  hills  by  the  waves  of  the  inland  sea.    These 
beaches  are  gaierally  poorly  devloped  with  i»vebuilt  terraces  and  offshore 
bars  rarely  exceeding  20  feet  in  depth.     The  material  in  these  deposits  is 
loose,  stratified,  pervious,   cohesionless  sand  and  gravel* 

(6)  In  the  valleys  and  lowland  plains,   deposits  of  marine  clay 
occur*     This  clay  was  laid  down  in  fairly  deep  water  duriig   the  marine  in- 
vasion and  now  forms  deposits  varying  in  depth  from  a  few  feet  to  over  6o 
feet*     It  is  possible  that  the  clay  was  deposited  as  a  uniformly  thick 
blanket  over  the  entire  sutoerged  region  but  that  as  the  hills  emerged  from 
the  sea  because  of  the  uplift  of  the  land,   the  claj^  were  washed  off  the 
hills  and  redeposited  in  the  valleys*     Finally  the  water  was  left  only  in 
the  valleys  as  narrow  channels  and  wide  shoals  where  frcm  5  "to  20  feet  of 
sand  and  brownish  sandy  clay,  derived  frcm  inflowing  rivers  and  wave  action 
on  the  till  hilla,  were  deposited  over  the  valley  bottcm  deep  water  clay* 
The  land  continued  to  rise  and  the  surface  of  the   till  and  marine  deposits 
are  now  approximately  225  feet  above  the  Atlantic  Ocean* 

(7)  The  bedrock  throu^out  the  entire  region  is  essentially 
flat-lying,  early  Paleozoic  sedimentary  rock  which  is  believed  to  be  a  part 
of  the  Beekmantown  or  Chazy  formations*     The  rock  is  mainly  dolomite  with 
minor  strata  of  limestone,  sandstone,  and  shale*    Rock  is  deeply    buried 
throughout  the  entire  area  in  the  vicinity  of  the  canal.    At  the  Grass  Biver 
and  Robinson  Bay  Locks  the  rock  is  buried  to  a  depth  of  approximately  70  fee"U 
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Analysis  of  Design  -  Long  gault  Canal 

SECTTION  II 

SELECTION  OF  CANAL  ALIGNMENT 

2-01.   ALTERNATE  PROPOSAL.  Several  alternate  alignments  have  been 
studied  to  give  best  conditions  for  navigation  as  shown  on  Plate  II-l, 

(a)  Original  Location.  The  original  location  has  several  sharp 
angles  which  would  be  objectionable.  In  particular,  a  down  bound  steamer 
would  encounter  serious  difficulties  in  making  the  sharp  reverse  bend  at  the 
head  of  Croil  Island  in  windy  weather.  This  location  has  two  turns  below 
the  guard  gate  structure  which  would  interfere  with  visibility  and  intro- 
duce some  difficulty  in  navigation  between  the  locks  and  the  guard  gate 
.structure.  Due  to  these  objectionable  features  in  this  location  alternate 
studies  were  made  as  follows: 

(b)  Alternate  "A"  ♦  This  location  eliminates  two  turns  in  the  a- 
lignment  below  the  guard  gate  structure  thereby  improving  navigation  and 
establishing  complete  visibility  in  the  canal  between  the  locks.  The  approach 
to  the  canal  through  Long  Sault  Island  has  also  been  in^jroved  by  this  change, 

(c)  Alternate  *E*.  This  location  was  studied  to  eliminate  the  re- 
verse bend  at  the  north  end  of  Croil  Island. 

(d)  Alternate  "C*.  This  location  was  studied  to  give  a  straight 
alignment  from  the  channel  south  of  0roil  Island  to  Grass  River. 

(e)  Alternate  "D* .  This  location  was  studied  to  locate  the  canal 
in  low  areas  in  order  to  reduce  the  excavation.  This  alignment  introduces 
three  changes  in  course  over  that  of  Alternate  •C". 

(f)  Alternate  "E*.  This  location  was  studied  to  eliminate  all 
objectionable  changes  in  course,  and  reduce  the  excavation  quantities  be- 
low that  of  Alternate  •C"  and  provide  a  good  entrance  to  the  canal. 

(g)  Alternate  "F*.  This  location  was  studied  to  reduce  the  ex- 
cavation of  alignment  •£•»  In  changing  the  alignment  of  location  "E*  a  re- 
verse bend  was  of  necessity  introduced  into  the  course. 

2-02.   POSmON  OF  LOCKS  AND  GUARD  GATE. 

(a)  The  Robinson  Bay  Lock  gite  was  moved  north  due  to  the  new 
canal  alignment.  This  shift  in  location  improved  the  excavation  conditions 
by  placing  t^e  entire  lock  structure  in  firm  material. 

(b)  The  Grass  River  Lock  Site  was  moved  approximately  1000  feet 
upstream  and  200  feet  south  in  order  to  secure  better  foundation  conditions 
find  greater  safety  and  stability  for  the  plug  between  the  lock  site  and  river 
during  excavation  for  the  lock  and  the  lock  construction. 

.  (c)  The  Guard  Gate  site  was  moved  to  conform  to  the  new  align- 
ment. 

2-03.  RELATIVE  COSTS.  The  cost  of  excavation  for  the  alternate  align- 
ments are  as  follows.  These  costs  are  based  on  the  prices  given  in  January, 
1941. 
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CHANNEL  ALIGNMENT  STUDIES 
Steens  Island  to  Grass  River 
Canal  442'  Wide,  1  on  3  Side  Slopes,  No  overdepth 


Total  Cost  of 

' 

Excavation  based 

on  unit  prices 

Length 

used  in  prelimi- 

Excavation  No.  of 

T*ix. 

Sam  of 

in 

nary  comparison 

Designation 

Cu.Yd.    Angles 

Angle 

Angles 

Miles 

estimate  Jan.1941 

Original  Locat 

ion  8,621,000  7 

52°0« 

188° -30 • 

13.7 

$4,310,500.00 

Alternate  "A" 

11,377.000  5 

52^0  • 

i5o°-o  • 

13.4 

5,688,500.00 

Alternate  "E* 

13,997.000  3 

47^30' 

82°-0  • 

13.1 

6,998,500.00 

Alternate  "C 

19,118,000  2 

17^0' 

20°-30' 

12.6 

9.559.000.00 

Alternate  "D" 

16,844,000  5 

27001 

78^-0 • 

12.7 

8,422,000.00 

Alternate  "E" 

17.004,000  5 

l4°-30  • 

25°-0  • 

1-^.6 

7.293,115.00 

Alternate  "F" 

14,085,000  5 

270-0' 

72°-30 • 

12.7 

7.042,500.00 

2-04.   SELECTED  ALIGNMENT.  Having  in  mind  the  hazards  to  large  steamers 
of  the  present  and  future  while  operating  in  narrow  and  constricted  channels 
with  uncertain  currents  combined  with  darkness,  fog,  snow,  and  high  winds, 
every  effort  has  been  made  to  select  a  location  which  will  minimize  these 
hazards.   Particular  attention  has  been  given  to  the  provision  of  an  upper 
entrance  to  the  canal  which  a  pilot  can  find  with  no  gieat  change  in  course 
or  difficulty  after  being  caught  in  a  snow  storm  while  down  bound  through 
the  pool  from  the  Point  Rockway  Canal,  a  distance  of  about  17  miles,  invol- 
ving at  least  2  hours  of  uncertainty  of  position. 

Due  to  the  high  insurance  rates  on  ships  and  cargoes  passing  through 
narrow  channels  with  many  changes  in  course  every  effort  has  been  made  to 
eliminate  danger  of  collision  and  stranding  insofar  as  possible  by  keeping 
an  alignment  as  direct  as  the  topography  will  permit.   Slight  changes  of  di- 
rection have  been  introduced  at  Stations  320,  470,  and  527 -♦'90,  but  since 
visibility  at  these  points  will  be  good,  no  great  expense  is  justifiable  for 
their  elimination* 

The  route  designated  as  Alternate  "E*  in  this  memorandum  has  been  se- 
lected as  that  most  satisfactory  for  the  location  of  a  ship  canal  having 
the  importance  of  the  Long  Sault  Canal. 

The  location  of  dikes  necessary  to  maintain  the  pool  level  above  the 
Long  Sault  Dam  and  the  pool  level  between  the  two  locks  in  the  Canal  has  been 
considered  in  conjunction  with  the  location  of  the  ship  canal,  llbny   alter- 
nate locations  have  been  considered  and  the  present  arrangement  and  location 
of  these  dikes  is  the  simplest,  cheapest  and  easiest  of  maintenance  that 
these  studies  have  produced. 
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SECT  row  III 

INVESTIGATIONS  OF  OVERBURDEN  AND  FCXJNDATIONS  FOR 
CANAL  AND  DIKES  NOS.    1,   3,   5  AND  6  AND   OF 

EMBANKMENT  MATERIALS 

3-01.     FIELD  EXPLORATION  FCR  CANAL  EXCAVATION  AJ©  DIKE  FOUNDATIONS. 

(a)  General. 

(1)  Prior  to  October  1940»  the  Governments  of  Canada  auad  of 
the  united  States  and  various  private  companies  conducted  investigations   in 
the  vicinity  of  the  Long  Sault  Canal  for  the  purpose  of  determining  over- 
burden conditions.     This  field  exploration  was  chiefly  of  a  preliminary 
nature  and  served  in  planning  the  general  layout   of  the  canal  and  dikes.     It 
consisted  of  drilling  holes  through  the  overhxirden  by  wash  boring  and  into 
bedrock  at  certain  holes  usipg  a  core  bit.     detailed  field  logs  and  data  for 
the  exact  location  of  most  of  these  holes  were  not  available  for  use  in  design, 

(2)  TH^e  exploration  at  the  Long  Sault  Canal  and  dike  sites 
since  October  1940t   conducted  by  the  U.  S,  Engineer  department   for  the  purpose 
of  obtaining  information  for  design,   included  drilling  and  sampling  in  over- 
burden a  nd  rock,    excavation  and  sampling  of  test   pits  and  auger  holes,   probing 
in  soft  overburden,  and  the  determination  of  bedrock  elevations  and  general 
soil  conditions  by  the  seismic  method.     Extensive  geological  reconnaissance 
held  an  important  part   in  the  planning  and  integrating  of  the  entire  field 
exploration  program.     This  program  was  carried  out   jointly  with  the  investi- 
gation of  general  conditions  and  the  surface  topography  of  bedrock  for  the 
location  of  the  Robinson  Bay  and  Grass  River  Locks  which  affect  the  canal 
alignment.     To  present  a  complete  picture  of  the  overburden  conditions  for 
this  analysis  of  design  the  location  and  extent  of  all  exploration  which  is 
located  within  the  area  of  the  maps  are  shown  on  plates  TII-1  to  III-47*     Co- 
ordinates for  the  location  of  all  drill  holes  are  given  on  plates  III-l  to 
III-4.     The  plans  of  exploration  for  the  Long  Sault  Canal  and  Dikes  Nos.   1,  3t 
5  and  6  on  plates  ITl-5  to  III-14  also  include  exploration  made  specifically 
for  the  guard  gate.    Dike  No,  2,   Robinson  Bay  Lock,  Dike  No,  4t  Grass  River 
Lock,  and  Dikes  Nos.  7  and  8,   the  design  of  which  are  not  included  in  this 
analysis  of  design.     The  plates  also  include  the  location  of  exploration  made 
for  various  initial  alignments  of  the  canal  and  dikes.     However,   plans  of 
exploration  on  sheets  B/rC-l-lO/1  to  10/7  of  the  contract  drawings  for  the 

Long  Sault  Canal  and  Dikes  Nos.   1,  3»  5  and  6  show  only  that  exploration 
within  or  adjacent  to  the  contract  limits  which  gives  information  considered 
pertinent  to  construction. 

(3)  The  classification  records  for  all  exploration  located 
on  plates  III-5  to  III-IA,  except  test  pits  in  the  series  T-1  to  T-I50O,  are 
shown  in  numerical  order  for  the  canal  on  plates  III- 15  to  111-38,   an^  ^°^ 
the  dikes  on  plates  III-39  to  III-42,     The  records  of  exploration  thown  on 
sheets  MC-1-10/8  to  MC-l-lO/27  of  the  contract  drawings  are  limited 

to  that  exploration  irtiich  is  located  on  the  contract  drawing  plans  of 
exploration  and  are  arranged  according  to  location  without  regard  to  nnmerical 
order,     complete  fielci    logg  and   laboratory  reports  for  the  drill  holes,   test 
pits,   auger  borings  and  probings  and  the  results  of  the  seismic   investig  tion 
are  on  file   in  the  district  office.     All  soil  Samples  and  rock  cores  are 
stored   in  the  district   soils  laboratory, 

(b)  Drill  Holes. 

(1)  Holes  of  three  sizes  were  drilled  in  the  vicinity  of  the 

canal  and  dike  sites.  Holes  for  the  purpose  of  determining  both  overburden 
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and  bedrock  conditions  were  drilled  with  diamond  core  drilling  eqaipment 
usins  3i-inch  casing  in  the  overburden  and  a  2-1/8-inch  bit  to  obtain  cores 
of  bedrock.     Those  drilled  specifically  for  overburden  investigation  were 
drilled  using  2i-inch,   3i-incb,    or  6-inch  casing.     All  holes  whose  numbers 
are  D-1500  or  higher  were  drilled  with  2i-inch  casing.     When  2^-inch  and 
3i-inch  casing  were  used,    the  overburden  was  dry  sampled  with  sampling  tubes 
li-inches  and  ?-inches  in  diameter,   respectively.     Soil  samples  were 
usually  taken  at  5-foot   intervals  or  at   changes  in  material,   and  wash  boring 
between  samples  was  pennitted.     These  samples  were  stored   in  glass   jars  and 
were  used   for  general  classification,  mechanical  analysis  tests,   and  water 
content   determinations.     The  extent   of  the  drilling  using  2-^-inch  and  3^-inch 
casing  is  shown  in  the  following  tabulation: 

Total  holes       Overburden  Rock 


dri 

lied 

(ft.dr: 

Llled) 

(feet  drilled) 

Site 

2i- 

3i" 

21" 

3i" 

21" 

31- 

Canal( including 

95 

85 

39I8.4 

6502.3 

1877.8 

locks  and 

guard  gate) 

Dike  NO.   1 

h 

- 

163.1 

- 

_ 

_ 

Dike  NO.  3 

k 

11 

221,0 

572.6 

— 

20.4 

Dike  NO,  5 

- 

- 

_ 

_ 

_ 

_ 

Dike  NO.   6 

- 

1 

- 

46.5 

— 

20.0 

Total 

103 

97 

4302.5 

7121.4 

- 

I9I8.2 

The  extent  of  drilling  with  6-inch  casing  is  described  in  the  paragraph  which 
follows.  Coordinates  for  the  location  of  all  drill  holes  are  given  on  Plates 
III-l  to  III-4. 

(2)  Holes  \7ith  6-inch  casing  were  drilled   to  obtain  undisturbed 
samples   of  clay  materials  for  testing  and  observation  purposes.     These   holes 
were   located   to  obtain  representative  samples  fron  the  various  clay  deposits 
after  a  study  of  samples   from  other  exploration.     Hole  D-II56  was  located    in 
the  Grass  River  Lock  area,   D-II60  in  the  canal  below  the  Robinson  Pay  Lock, 
D-1168,   D-I243  and  D-I279  within  the  area  of  Dike  No,  3,   and  D-1399  within  the 
area  of  Dike  No.   1.     At  most   of  the  locations  samples  in  insufficient  number 
were  obtained  from,  one  hole,   and  therefore  additional  holes  were  drilled. 
These  additional  holes,   which  are  designated  by  the  suffix  letters   "A"  and   "B" 
attached   to  the  original  drill  hole  number,   were  drilled  within  20  feet   of  the 
original  hole,   and   samples  obtained  at  similar  depths  were  considered  identi- 
cal.    Although  D-II56  is  located  vvithin  the  Grass  River  Lock  area  the  material 
at   that   hole   is  considered  to  be  typical  for  part   of  the   canal. 

(3)  Attempts  were  made   initially  at  D-II56  and  D-II56  \  to 
obtain  samples  4-7/8  inches  in  diameter  with  the  M.I.T.  undisturbed   sampling 
spoon.     Although  great   care  was  taken  in  pressing  and  retracting  the  spoon 
considerable  difficulty  was  encountered  in  obtaining  samples.      In  66  attenpts 
only  37  samples  were  recovered,    and  some  of  these  '.vere  not   full   length  samples. 
Pecause  of  this  difficulty   in  sampling,   a  spoon  specially  constructed  by 
Sprague  &  Henwood  was  used  at  all  subsequent   6-inch  holes  except  at  D-II60 
where  the  M.I.T,  type  of  spoon  was  used.     The  specially  constructed  spoon, 
which  has  a  cutting  shoe  4-3/8  inches  inside  diameter,    is  equipped  with  two 
steel  liners  0,12  inches  thick,    12  inches  long,   and  4-3/4  inches  inside  dia- 
meter.    Recessed  flaps  are  provided  within  the  cutting  shoe  and  are   closed  by 
means  of  a  wire  snare   in  order  to  hold  the  samples  in  the  spoon.     Connections 
are  provided  to  apply  suction  at  the  top  of  the  sampling  spoon  and  canpressed 
air  at  the  bottom,    or  open  end,   to  aid  in  retaining  the  samples  against  the 
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suction  which  occurs  when  the  spoon  is  retracted  from  the  bottom  of  the 
hole,     photographs  of  this  apparatus  are  shovm  on  Plates  TTT-2|8  to  TII-52. 
The  recovery  of  samples  with  this  sr^oon  was  much  more  satisfactory  although  a 
few  samples  were  lost.     Seme  samples  were   lost  at  depths  between  26  feet  and 
30  feet   and  between  45  feet  and  50  feet  at  D-II6OA  and  near  the  bottom  of 
D-I2A3  where  material  was  either  too  soft  to  be  retained  by  the  flaps  or  may 
have  been  unaccountably  disturbed, 

(4)      In  sampling  as  steady  a  pressure  as  possible  was  used  to 
press  the  spoon  into  the  soft   soils.     Pressures  estimated  at   from  1,000  to 
4,500  pounds  were  exerted  on  the  sampler  using  the  weighted  drill  platform 
as  a  fulcrum  and  a  long  bar  as  a  pry,     Vfhen  necessary  the  bottom  of  the  hole 
was  carefully  cleaned  with  a  spoon  having  a  flap  valve  before  samples  were 
taken.     The  material  was  sufficiently  soft   so  that   it  was  usually  necessary 
to  clamp  the-  casing  to  prevent   it   from  sinking  under  its  own  weight.     Fami- 
liarity and  actual  contact  with  the  drilling  and  sampling  operations   in  the 
field  were  valuable   in  understanding  the  difficulties  encountered  and   in 
gaining  familiarity  with  the  materials.     Field  and  laboratory  logs  are   on 
file  at   the  district   office  giving  a  detailed   reocrd   of  the   sampling  operations 
at  each  hole.     A  total  of  552  feet  was  drilled  with  6-inch  casing  at  the  canal 
site  and  Dikes  Nos,    1  and  3t   and  21?  samples  were  taken  for  undisturbed  tests. 
All  undisturbed  samples  were  sealed   in  paraffin  and   confined  in  metal  cylin- 
ders  immediately  after  sampling, 

(c)  Test  pits,  -  A  tot«l  of  111  shallow  test   pits  was  excavated  and 
sampled  at  the  canal  and  at  the  sites  for  Dikes  Nos,   1,  3t  5»  and  6,     Test  pits 
were  used  for  shallow  exploration  in  certain  dike  foundation  areas  and   in 
prespective  borrow  areas  and  also  for  the  purpose  of  locating  boundaries  be- 
tween clay  overburden  and  till.      In  general,   test  pits  were  excavated  to  a 
depth  of  approximately  6  feet  and  werever  possible  were  extended  by  auger  bori  g 
Bag  or  jar  samples  were  taken  in  each  general  strata  of  material  encountered. 
One  sheeted  test  pit,  T-lOOOp,   located  10  feet  from  D-1154  near  Tracy's 
landing  on  a  preliminary  alignment  for  the  canal,   was  excavated  to  a  depth  of 
15  feet,   and   11  undisturbed  samples  of  clay  were  taken.     Clay  encountered 

in  drill  hole  D-1154  appeared  to  be  so  soft  that  the  deep  pit  was  excavgited 
to  permit  visual  inspection  of  the  clay  in  place  and  to  obtain  undisturbed 
samples  for  shear  and  consolidation  tests, 

(d)  Auger  Holes,  -  A  total  of  5^1  auger  holes  was  completed  to 

aid  in  the  exploration  of  overburden  conditions  along  the  canal  alignments  and 
in  the  vicinities  of  the  dikes.     Auger  borings  excavated  with  a  5  or  6-inch 
hand  auger  were  used  wherever  overburden  conditions  permitted  and  were  ex- 
cavated as  deep  as  possible  after  which  the  holes  were  generally  extended  by 
probing.     All  auger  holes  designated  by  numbers  greater  than  1,5^0  are  located 
along  the  canal  alignment.     Jar  samples  were  taken  at   changes  in  material  in 
all  auger  borings. 

(e)  Probings,  -  Two  types  of  probing  were  used  to  determine   over- 
burden conditions  along  the  canal  alignments  and  at  the  dike  sites.     Hand 
probings  using  3/4- inch  rods  and  a  14-pound  sledge  hammer  were  used  to  extend 
auger  borings  and   in  areas  where  augering  was  impossible,     The  notation  "P" 
designates  holes  which  were  hand  probed.      In  certian  soft   foxindation  areas 

on     ike  No.    1  and  Dike  jjo.  3  a  -Highmark  Probing  Machine  was  used  to  determine 
the  depth  to  firm  material,   and  these  holes  are  designated  "PH".     The  Higb- 
mark  Machine  drove  a  1^-inch  probing  pipe  with  a  ranovable,    closed,    pointed 
end  which  could  be  retracted  without   pulling  the  casing  when  samples  were 
desired.     To  obtain  samples  in  clayey  materials,   a  sampler  consisting  of  an 
open  and  3/8-inch  inside  diameter  pipe  was  forced   into  the  soil  below  the 
probing  pipe.     In  sandy  materials ^a  sampler  consisting  of  a  closed  and  3/8- 
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inch  inside  diameter  pipe  with  a  slot  2  inches  from  the  bottom  was  used.  The 
samples  thus  obtained  were  either  soils  washed  through  the  slot  or  scraped 
through  the  slot  as  the  sampler  was  moved  up  and  down  a  number  of  times.  The 
probing  pipe  was  driven  with  a  hammer  weighing  I63  pounds,  dropping  approximately 
15  inches  at  an  average  rate  of  50  blows  per  minute,  A  field  log  was  prepared 
for  each  probe  hole,  and  rates  of  penetration,  as  well  as  the  description  of 
samples  obtained,  were  recorded.  A  total  of  85  holes  was  probed  with  this 
machine  for  a  total  footage  of  343I  feet.  Machine  probing  results  are  shown 
on  plates  III-43  ^o  1X1-47. 

(f )  Seismic  Investigations,  -  Preliminary  investigations  for  the 
determination  of  bedrock  elevations  and  existing  soil  conditions  in  the 
vicinity  of  the  canal  were  conducted  using  the  seismic  method.  The  method 
employed  was  developed  by  E.  H.  Shepard,  Senior  Physicist.  Office  of  the 
Chief  of  Engineers,  A  report  describing  the  entire  seismic  invest ig=5t ion 
conducted  at  the  St.  lawrence  River  Project  is  on  file  at  the  district  office. 
Only  lines  considered  to  have  a  better  than  fair  degree  of  accuracy  are  shown 
on  the  plans  of  exploration  (plates  III-8  to  Ul-l/i),  Care  was  taken  to 
avoid  using  the  results  fron  certain  lines  where  difficulties  such  as  deep 
ground  frost  interfered  with  the  accuracy.  A  total  of  24-  seismic  lines  were 
considered  reliable  in  the  vicinity  of  the  canal  and  dike  sites. 

3-02,   FIELD  EXPLORATION  TCR  DIKE  EMBANMWENT  MATERIALS, 

(a)  H&bankment  ^ill.  -  At  the  adopted  dike  sites  material  from 
canal  excavation  will  be  used  for  all  earth  fill  sections  of  dike  embankments. 
The  exploration  along  the  canal  therefore  served  as  borrow  exploration  for 
embankment  materials.  It  is  expected  that  sufficient  selected  material  of 
suitable  characteristics  will  be  economically  available  from  the  required 
canal  excavation  to  make  additional  exploration  for  earth  fill  unnecessary. 

In  case  additional  earth  fill  is  required,  limited  preliminary  exploration 
has  been  carried  t)ut  in  a  silty,  gravelly  sand  deposit  to  the  south  of  Dike 
NO.  3. 

(b)  Sand  and  Gravel  Filter  and  Backings  -  A  survey  of  nearby  sources 
of  suitable  sand  and  gravel  to  be  used  in  filter  blankets  and  backing  on  the 
dikes  was  undertaken  jointly  with  the  investigation  for  backfill  behind  lock 
wells  and  for  concrete  aggregates.  It  is  believed  that  all  deposits  within  a 
radius  of  I5  miles  of  the  sites  have  been  located.  The  most  feasible  deposits 
were  sampled  and  tested  to  determine  the  gradation  of  the  material.  Certain 
larger  deposits  at  a  greater  distance  but  readily  accessible  by  railroad  or 
barge  were  investigated,  as  well.  A  complete  report  of  these  investigations 

is  on  file  in  the  district  office. 

(c)  Riprap,  -  No  exploration  has  been  made  for  riprap  since  suffi- 
cient quantities  will  be  available  from  hand-picked  stones,  cobbles,  and 
boulders  from  earth  embantanent  materials  and  canal  excavation. 

3-03,  ROUTINE  LABORATORY  TESTS. 

(a)  General,  -  The  purpose  of  the  soil  testing  program  was  to 
determine  from  samples  and  data  obtained  during  field  exploration  the  charac- 
teristics of  overburden  materials  throughout  the  canal  site  and  of  foundation 
and  embankment  materials  at  the  dikes  for  the  design  and  construction  of  stable 
excavation  and  embankment  slopes.  Routine  tests  were  made  to  aid  in  the 
determination  of  the  general  characteristics  of  materials,  and  special  tests 
were  made  to  establish  values  specifically  for  design  purposes.  Routine 
tests  which  were  made  in  the  district  soils  laboratory  at  Massena  included 
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classification,  moisture  content,   specific  gravity,   and  density  tests.     This 
program  was  supplonented  by  a  testing  program  on  undisturbed   clay  samples  at 
the  Biiighamton  District  Soils  Laboratory  at   Ithaca,   New  York,     The  testing 
at   Ithaca  consisted  of  Atterberg  limits,    consolidation,    shearing  strength 
tests,   and  the  above  routine  tests.     The  results  and  data  of  all  testing 
including  a  report   prepared  by  the  Binghamton  District  are   on  file  in  the 
district   office. 

(b)  Classification,  -  All  samples  from  drill  holes,  test  pits  and 
auger  borings  were  classified  using  the  M,I.T.  scale  of  soil  classification, 
and  the  results  are  recorded  in  laboratory  reports  for  each  hole  and  on  the 
records  of  exploration  (plates  III-I3  to  III-42),     The  grain  size  distribu- 
tions of  a  sufficient  number  of  typical  samples  were  determined  by  the  usual 
sieve  and  hydrometer  methods  to  serve  as  a  guide  in  the  classification  of 
all  samples.     General  geological  descriptions  of  the  overburden  at  each  hole 
were  also  prepared  after  studying  the  laboratory  classifications  and  the 
field  log  descriptions  and  are  recorded   in  each  laboratory  report.     The  bed- 
rock was  classified  by  a  geologist  after  examining  the  rock  cores  and  field 
logs. 

(c)  Moisture  Content «  -  Vater  contents  were  determined  as  a  per- 
centage of  dry  weight   for  a  large  proportion  of  all  samples  of  overburden  at 
drill  holes  and  for  selected  samples  from  test   pits.     Determinations  for 
water  content   were  made  from  jar  samples  of  clay  and  till  as  they  were  received 
from  the  field.     Similar  determinations  were  made  in  connection  with  the  test- 
ing program  on  undistiirbed  samples  of  clay  overburden.     Original  water  contents 
were  taken  on  all  samples  used  in  triaxial  shear  tests,  and  in  tests  of  -the 
consolidated  quick  shear  type  seme  determinations  were  mad©  both  before  pre- 
consolidation  and  after  completion  of  the  test,     A  tabulation  of  results  from 
hole  D-I759  where  the  overburden  is  typical  for  glacial  till  in  the  canal  area 
is  shown  on  plate  III-56,     Plots  of  water  content  versus  depth  at  holes  D-II56, 
D-II60  and  D-12/t3  which  are   in  soft  clay  deposits  are   shown  on  Plates   TII-53 
to  III-55*     The  results  of  the  water  content  determinations  made  during  the 
shear  testing  program  are  shown  on  Plates   III-62  to  III-65, 

(d)  Specific  Gravity,   -  Specific  gravity  determinations  were  made 
for  the  solid  particles  of  several  representative  soil  samples  of  foundation 
and  embankment  materials  using  a  calibrated  volumetric  flask,     A  tabulation 
of  the  results   is  presented  on  Plate   III-57*     An  average  value   for  clay  par- 
ticles is  considered  to  be  2,73f    ^^^  for  the  run  of  till  2«74* 

(e)  Density,  -  Natural  density  determinations  were  run  on  several 
of  the  undisturbed   samples  taken  from  clay  areas  along  the  canal  and  from  dike 
foundations.     An  average  saturated  weight   of   IO3  pounds  per  cubic   foot   is 
considered  typical  for  the  soft  gray  clay   in  its  natural  state  which  corre- 
sponds to  a  void  ratio  of  1,65.     The  brown  sandy  clay  has  a  somewhat  greater 
density.     A  tabulation  of  results  from  the  deteiroinations  made  is  shovm  on 
plate  III-56,     From  the  results  of  a  few  tests  and  the  examination  of  samples 
the  unit   wet  weight   of  the  till   in  place   is  estimated  to  be  from  lljO  to  I50 
pounds  per  cubic  foot, 

(f)  Atterberg  Limits,  -  Determinations  for  the  liquid   limit  and 
plastic  limit   'vere  made  on  several  sanples  of  clay  from  holes  D-115^  ^nd  D-II60 
in  the  canal  and  froa  D-1243  and  D-1275  at  Dike  No,  3,     These  determinations, 
expressed  as  a  percent  water  content  of  dry  weight,  are  used  as  a  basis  for 
classification  and  give  some  indication  of  the  relative  shearing  strenr^ths  of 
the  various  clay  deposits.     The  results  of  these  tests  are  included  on  plate 

in-58. 
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3-04.  DETEEMINATION  OF  SHEARING  STBENGTH  AND  CCNSQLindTICN 
CHARACTERISTICS  OF  SOILS. 

(a)  General. 

(1)  Two  general  classifications  of  overburden  materials  were 
indicated  by  preliminary  exploration  in  the  vicinity  of  the  Long  Sault  Canal. 
The  first  of  these  general  classifications  includes  the  glacial  tills,  the 
water-laid  sands,  and  the  partially  leter  laid  sands  which  in  this  analysis 
are  considered  finn  materials.  Ite  firm  materials  do  not  present  any  critical 
problem  in  design.  Assumptions  as  to  their  shearing  strength  have  been  nade 
for  use  in  design  based  upon  experience  with  similar  materials.  No  actual 
shearing  strength  or  consolidation  tests  have  been  perfonned  on  these  materials* 
The  second  of  the  general  classifications  includes  the  softer  materials  con- 
sisting of  the  soft  gray  narine  clays  and  the  brown  sandy  clays.  Areas  of 

soft  materials  along  the  adopted  canal  and  dike  alignments  produce  a  major 
problem  in  the  design  of  canal  excavation  and  embankment  slopes.  The  evalua- 
tion of  the  natural  shearing  strength  of  the  clays  and  of  their  consolidation 
characteristics  was  required  for  design.  The  brown  sandy  clay  which  overlies 
the  soft  gray  marine  clay  to  depths  varyii^  frcm  5  to  20  feet  has  a  relatively 
higher  shearing  strength  so  that  the  critical  element  in  thejiroblem  arises 
frcm  the  low  shearing  strength  of  the  marine  clay. 

(2)  Uhdisturbed  samples  frcm  6-inch  drill  holes  located  to 
obtain  typical  samples  frcm  critical  areas  were  forwarded  to  Ithaca,  New  York* 
for  testing  at  the  Binghamton  District  Soils  Laboratory.  These  included 
samples  frcm  two  locations  in  the  Long  Sault  Canal  and  from  two  areas  at  Dike 
No.  3  as  stated  in  paragraph  3-01  (b)  (2).  Tests  on  samples  from  D-1399  ^it  Dite 
No.  1  are  not  completed,  and  the  results  are  not  included  in  this  analysis 

of  design.  The  results  will  be  placed  on  file  in  the  district  office  when 
available.  Other  clay  areas  exist  within  the  canal  limits  as  on  Long  Sault 
Island  and  near  Richard's  Landing,  but  the  undisturbed  sampling  and  testing 
program  as  completed  was  laid  out  to  give  as  typical  and  general  coverage 
as  possible  within  its  limited  scope.  Both  direct  shear  tests  and  triaxial 
tests  were  conducted  to  investigate  strength  values  for  design.  Consolidation 
tests  were  run  to  furnish  data  for  the  computation  of  settlements  for  dike 
foundations,  to  study  the  degree  of  consolidation  in  the  natural  deposits 
and  to  aid  in  the  analysis  of  data  from  shear  tests.  Tests  were  made  to 
deteimine  the  sodium  chloride  content  of  the  pore  water  in  the  clays. 

( 3)  Although  D-II56  was  drilled  to  explore  for  the  Grass 
River  Lock  which  is  not  a  part  of  this  analysis  of  design^  samples  from  this 
hole  have  been  included  in  the  testing  program  described  herein.  Not  only  are 
sanples  frcm  this  hole  considered  representative  of  the  clays  in  part  of  the 
canal,  but  tests  on  these  sanples  were  made  in  conjunction  with  tests  on  other 
undisturbed  samples  to  develop  the  testing  procedure  and  to  deteimine  the 
general  characteristics  and  variations  of  the  clay  deposits. 

(b)  Direct  Shear  Tests. 

(1)  Direct  shear  tests  were  a  part  of  the  preliminary  investi- 
gation of  the  strength  of  clays  and  were  made  to  ccmpare  the  results  frcm  this 
method  of  shear  testing  with  the  results  from  the  triaxial  compression  type 
of  test.  Direct  shear  tests  were  made  using  a  constant  rate  of  strain  device 
similar  to  that  described  by  Dr.  Glennon  Gilboy  in  Engineering  News  Record, 
May  1936,  for  which  the  size  of  sample  is  3i  inches  square  by  3/4  inches  thick. 
The  shear  box  of  the  device  was  equipped  with  metal  teeth  separated  by  porous 
stones  which  premitted  drainage  at  the  faces,  and  all  tests  were  raade  with  the 
sauple  submerged  to  eliminate  "apparent  cohesion"  or  shearing  strength  caused 
by  capillary  pressures.  Tests  were  run  on  samples  frcm  selected  depths  at 
drill  holes  D-II56  in  the  Grass  River  L3Ck  section  of  the  canal  and  D-II60 
near  the  Robinson  Bay  Lock,  Considerable  consolidation  was 
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observed  to  take  place  during  the  actual  shearing  of  samples, 

(2)  The  results  of  three  series  of  direct   shear  tests  on  un- 
disturbed  samples  of  the  gray  marine  clay  are   presented  as  plots  of  shearing 
stress  versus  normal  stress  on  Plates  III-59  and  III-60,     One  series  of  tests 
(Quiclt  Shear)  was  made  by  applying  the  normal  load  to  the  sample  and  shearing 
to  failure  without  allowing  consolidation  under  each  nonnal  load  before  tlie 
shearing  strain  was  applied,     A  second  series  (Consolidated  Quick  Shear)  was 
made  allowing^ccraplete  consolidation  under  each  normal  load  before  shearing 
to  failure.        oth  of  these  series  were  made  at  a  constant  rate  of  strain  of 
0cC5  inches  per  minute,  failure  occurring  in  from  12  to  20  minutes.     The  third 
series  of  tests   (Consolidated  Slow  Shear)  was  made  at  a  very  slow  rate  of 
strain  after  allowing  complete  consolidation  under  each  normal  load   ,   the 
objective  being  to  apply  shearing  strain  to  the  specimen     at   such  a  slow  rate 
that  pressure  in  the  pore  water  would  be  hydrostatic  at  all  times.      In  these 
tests  the  maximum  shearing  strength  was  reached  in  from  3  to  6  hours.     Further 
direct   shear  tests  on  undisturbed  samples  were  omitted  after  a  comparative 
study  of  the  procedures  and  results  of  these  tests  with  these  of  the  triaxial 
method, 

(3)  To  investigate  in  the  laboratory  the  behavior  of  the  soft 
gray  marine  clay  when  seriously  disturbed,   a  few  (3irect   shear  tests  were  run 
on  samples  of  the  clay  from  drill  hole  D-II56  remolded  at  their  natural  water 
content.     The  shearing  stress  produced  during  quick  tests  was  considerably 
lower  than  that  produced  in  similar  tests  on  undisturbed  samples. 

(c)     Triaxial  ^hear  Tests,  - 

(1) Triaxial  shear  tests,   sometimes  referred  to  as  cylindrical 
compression  tests,  were  made  on  undisturbed  samples  from  all  6- inch  drill  holes 
except  D-II68,     The  triaxial  tests  were  made  on  a  constant   strain  type  of 
universal  testing  machine  to  which  had  been  added  equipment   for  applying  a 
lateral  pressure  to  the  test   specimens.     Samples  were  prepared  using  a  wire 
saw  and  a  specially  designed   sample  trimmer  to  finish  them  to  size.     Two  sizes 
of  samples  were  used,  /fi  inches  in  diameter  by  9   inches  long  and  2,8  inches  in 
diameter  by  5«6  inches  long.     Shear  tests  of  three  general  tjrpes  designated  as 
"quick  shear"  tests,    "quick  shear  tests  at  a  slow  rate  of  strain,"  and  ton- 
solidated-quick  shear"  tests  are   included   in  the  five  series  described  below, 
A  discussion  and  conclusions  on  the  shearing  strength  of  the  clays  appear   ir 
paragraph  3-04 (e), 

(2)  The  first   series  of  triaxial  shear  tests  consisted  of  1') 
tests  of  the   "quick  shear"  type  made  on  4  samples  of  brown,    sandy  clay  from 
drill  hole  D-II56  and  I5  samples  of  30ft  gray  marine  clay  from  holes  D-1156* 
D-II60,  and  D-II60  A,     This  series  was  made  on  4|-inch  diameter  samples  by 
applying  lateral  pressure  and  then  shearing  to  failure  without  allowing  con- 
solidation.    Observations  of  the  amount  of  pore  water  expelled  through  the 
porous  drainage  plates  at  the  two  ends  of  the  sample   indicated  that  very 
little  change  in  volume  or  void  ratio  took  place  during  aprlication  of  the 
shearing  strain.     Tests  were  run  using  constant   lateral  pressures  of  6,    15t 
30,   and  60  pounds  per  square  inch.     The  rate  of  strain  was  0,05  inches  per 
minute,    and  failure  occurred   in  approximately  20  to  30  minutes,     A  typical 
stress-strain  curve  for  a  test   on  gray  clay  is  shown  on  Plate  ITT-6I,     The 
test  data,   ^ater  contents,  and  Mohr  circle  diagrams  for  this  series  of  tests 
are  shown  on  plates  III-62  to  65     111-68  and  III-69, 

(3)  A  second  series  of  tests  on  five  4-i-inch  diameter  samples 
was  made  after  allowing  canplete  preconsolidation  under  a  constant   lateral 
pressure  before  shearing  the  specimen  to  failure.     These  tests  are  called 
"consolidated  quick  shear"  tests.     The  five  samples  selected  represented  the 
range  with  depth  at  drill  hole  D-II56  B.     Preconsolidation  was  carried  out  in 
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the  pressure  chamber  of  the  triaxial  testing  device  after  the  sample  and  the 
machine  had  been  made  ready  for  testing.  Samples  Mere   allowed  to  consolidate 
for  about  four  days  under  lateral  pressures  eqyal  to  the  calculated  submerged 
weight  of  the  natural  overburden  on  each  sample.  The  axial  load  -sas  then 
applied  so  that  maximum  stress  conditions  were  reached  within  approximately 
10  minutes.  The  test  data,  moisture  contents  and  r.Iohr  circles  representing 
the  results  of  these  tests  are  shown  on  Plates  III-62*to  66, 

(4)  A  third  series  consisting  of  consolidated-quick  shear  teats 
was  made  on  2.8-inch  diameter  specimens  of  gray  clay.  The  purpose  of  this 
series  was  to  obtain  strength  data  from  which  the  shearing  strength  could  be 
determined  for  the  density  and  effective  stress  existing  in  nature,  "^o 
obrain  a  range  of  values  as  stated  in  paragraph  3-04  (e),  specimens  were  pre- 
consolidated  in  general  to  pressures  corresponding  to  saturated  and  submerged 
overburden  loads.  Consolidating  pressures  e:.ual  to  the  calculated  value  of 
these  two  assumed  limiting  pressures  were  applied  to  the  two  2,8-inch  diameter 
specimens  prepared  fran  each  of  several  full  length  undisturbed  cylinders 
selected  to  cover  the  range  with  depth  at  holes  D-II56  B  and  D-II60  p. 
Individual  preconsolidation  was  carried  out  in  a  group  of  special  de-^ices 
which  were  constructed  for  the  purpose.  Each  specimen  was  wrapped  axially 

in  saturated  blotting  paper  after  porous  stones  had  been  placed  at  the  ends. 
A  rubber  sleeve  was  then  slipped  over  the  specimeti  and  bound  top  and  bottom 
to  metal  caps  which  covered  the  open  ends  except  for  a  vent  to  the  outside  at 
the  top  used  to  drain  the  sample  during  consolidation.  With  the  sample  held 
to  the  cover  by  a  vacuum  applied  temporarily  at  the  vent,  the  sample  was  then 
introduced  into  the  cylindrical  pressure  chamber  of  the  device  and  the  air- 
tight cover  was  bolted  in  place.  Air  pressure  held  constant  at  the  desired 
preconsolidation  pressure  by  means  of  an  autcrnatic  regulator  valve  was  then 
applied  to  the  chamber,  yyfter  the  preconsolidation  pressure  had  been  held  on 
the  sample  until  the  water  level  in  the  burette  tube  attached  to  the  vent  from 
the  sample  had  become  stationary  the  sample  was  transferred  directly  to  the 
triaxial  testing  device  where  a  lateral  pressure  equal  to  that  used  in  pre- 
consolidation was  reestablished.  During  the  transfer  the  blotting  papfer  was 
removed  fron  around  the  sample.  After  allowing  approximately  15  minutes  for 
readjustment  under  this  lateral  pressure  a  quick  shear  test  was  run  so  that 
the  maximum  stress  was  reached  within  approximately  5  minutes.  Similar  tests 
were  made  on  samples  of  gray  clay  frcra  holes  D-1243  and  D-1279  using  pre- 
consolidation pressures  arbitrarily  assigned  to  cover  the  estimated  material 
overburden  range.  The  rate  of  strain  for  this  series  was  0,10  inches  per 
minute,  Mohr  circle  diagrams  for  these  tests  appear  on  Plates  III-66,  6?$ 
70  and  71, 

(5)  A  fourth  series  consisting  of  tests  of  the  quick  shear 
type  on  2.8  inch  diameter  samples  was  made  under  lateral  pressures  equivalent 
to  the  estimated  intergranular  pressure  acting  on  the  sample  in  nature.  The 
samples  were  sheared  to  failure  at  a  constant  rate  of  strain  of  0,10  inches 
per  minute.  This  series  included  tests  on  samples  from  D-II56  Bt  D-II60  3, 
D-1243.  and  D-1279.  and  the  Mohr  circles  are  shown  on  Plates  TII-68  to  7I, 

(6)  A  final  series  of  quick  shear  tests  on  2,8-inch  diameter 
samples  was  made  at  a  very  slow  rate  of  strain.  Tests  of  this  series  were 
made  on  five  samples  from  hole  D-  115^  B  to  determine  whether  indications 
exist  of  a  reduction  in  the  shearing  strength  of  the  clay  if  stresses  are 
applied  more  slowly.  Evidence  of  such  a  reduction  in  strength  was  found  in 
tests  on  certain  clays  at  the  Panama  Canal,  The  rate  of  strain  was  reduced 
to  0,003  inches  per  minute,  and  the  series  included  tests  run  under  lateral 
pressures  of  6,  I5,  and  30  pounds  per  square  inch  and  one  unconfined  com- 
pression test.  To  prevent  a  volume  change  in  the  samples  during  these  tests 
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the  porous  drainage  stones  noiwally  used  were  replaced  by  brass  discs.  The 
data  and  Mohr  circles  for  the  series  of  quick  shear  tests  at  a  slow  rate  of 
strain  appear  on  plate  III-68, 

(7)  The  unconfined  compression  tests  for  which  the  Mohr 
circles  are  shown  on  plates  III-68  to  7I  with  results  frota  quick  shear  tests 
were  made  using  the  same  triaxial  machine  and  testing  procedure  used  for  the 
other  tests,  the  only  difference  being  that  no  lateral  pressure  was  applied. 
In  some  of  these  tests  a  rubber  sleeve  was  placed  around  the  sample  to  dup- 
licate the  restraint  offered  in  the  regular  triaxial  tests  and  also  to 
prevent  evaporation. 

(d)  Consolidation  and  Sodium  Chloride  Tests*  - 

(1)  Consolidation  tests,  using  a  device  for  which  the  size  of 
specimen  is  4i-inches  in  diameter  and  1^-inches  high,  were  made  on  undisturbed 
samples  of  clay  from  the  canal  and  dike  sites.  Samples  were  chosen  to  give 
an  indication  of  the  variation  of  consolidation  characteristics  with  depth. 
Tests  on  undisturbed  samples  were  made  to  obtain  pressure-void  ratio  curves 
from  which  the  preconsolidation  loads  might  be  estimated.  This  information 
was  expected  to  be  of  use  in  planning  the  shear  testing  program  and  in  in- 
terpreting the  shearing  strength  data  obtained.  Tests  on  undisturbed  clay 
samples  from  areas  of  soft  dike  foundations  were  made  to  provide  data  for 
computing  the  settlement  of  dik&  foundations.  The  consolidation  tests  com- 
pleted included  runs  on  undisturbed  samples  fron  all  6-inch  drill  holes. 
Tests  were  run  on  two  renolded  samples  from  drill  hole  D-II56  E,  Pressure- 
void  ratio  curves  for  the  tests  on  undisturbed  samples  referred  to  above  are 
shown  on  plates  III-72  to  75  and  typical  time-consolidation  curves  are  shown 
on  plates  III-76  to  80,  Consolidation  tests  on  firm  materials  were  not  con- 
ducted because  general  experience  with  similar  materials  was  considered  suf- 
ficient to  permit  the  assumption  of  avera2:e  values  for  design, 

(2)  Sodium  chloride  tests  were  made  to  determine  the  salt 
content  in  the  clay  pore  water  by  precipitating  the  chloride  as  silver  chloride. 
The  tests  showed  that  the  pore  water  is  "fresh," 

(e)  Discussion  and  Conclusions  on  Shearing  Strength, 

(1)  At  the  present  time  there  is  no  general  agreement  of 
opinion  concerning  the  best  method  for  determining  the  shearing  strength  of 
clays.  For  this  reason  a  review  and  discussion  of  progress  and  preliminary 
results  from  the  shear  testing  program  were  fully  considered  at  several  con- 
ferences between  the  supervising  engineering  personnal  of  the  St,  Lawrence 
River  District  Office  and  representatives  from  the  Office  of  the  Chief  of 
Engineers,  the  official  consultants,  and  the  engineers  in  charge  of  the  test 
work  at  the  Ithaca  Soils  Laboratory,  Memoranda  covering  these  conferences  and 
certain  official  correspondence  relating  to  the  development  of  the  testing 
program  on  undisturbed  samples  are  on  file  in  the  district  office  with  the 
report  prepared  by  the  Ithaca  Laboratory,  The  shear  test  series  discussed 
below  are  described  in  paragraphs  3-04  (b)  and  3-O4  (c), 

(2)  The  results  of  the  direct  shear  tests  and  initial  triaxial 
tests  made  on  samples  from  D-II56  and  D-II60  were  compared,  (plates  III-59» 
60,  68  and  69,)  The  "no-load"  shearing  strength  for  both  types  of  tests  was 
approximately  100  to  4OO  pounds  per  square  foot,  A  large  apparent  angle  of 
friction  was  obtained  in  the  direct  tests  which  indicated  that  a  large  amount 
of  consolidation  took  place  during  the  tests.  The  shearing  strength  indicated 
by  the  confined  quick  triaxial  tests  was  nearly  constant  for  all  loads  and 
was  approximately  6OO  to  700  pounds  per  sq.  foot.   It  was  concluded  from  the 
results  of  the  direct  shear  tests  on  remolded  samples  that  the  shearing  streng- 
th of  t!e  soft  grey  clay  when  remolded  is  very  small.  This  conclusion  is  also 
justified  by  the  fact  that  the  liquid  limit  of  the  soft  grey  clay  is  47  per- 
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cent  ccmpared  with  a  natural  water  content  of  approximately  57  percent, 

(3)  After  a  revie-.v  of  the  conditions  which  would  affect  the 
design  of  cuts  in  clay  and  dilces  on  clay  and  after  a  study  of  the  results 
from  the  direct  shear  tests  and  ^rcm  the  first  series  of  triaxial  quick  shenr 
tests  mentioned  above,  it  was  decided  to  conduct  tiiaxial  consolidater'-quick 
shear  tests  (see  paragraphs  3-04  (c)  (3)  and  (i|)  to  attenpt  to  determine  the 
shearing  strength  of  the  clays  at  their  present  effective  stress  in  nature. 
According  to  geological  history,  the  effective  stress  should  be  approximately 
equal  to  the  present  overburden  load.  At  no  time  since  the  clay  deposits 
were  forraec"  has  there  been  any  superimposed  loads.  The  deposits  have  been 
formed  for  at  least  10,000  years  and  therefore  should  be  fully  consolidated 
under  the  present  overburden  load.  The  results  of  the  sodixn  chloride  tests 
describetl  in  paragraph  3-^4  (d)  indicates  that  the  original  salt  water  which 
filled  the  voids  has  been  replaced  by  fresh  water.  However,  according  to  the 
basic  consolidation  theory  of  clay  deposits,  there  should  be  a  gradual  increase 
in  density  with  depth  if  the  deposits  are  consolidated  under  the  present 
overburden  weight.  At  most  of  the  holes  this  did  not  appear  to  be  true  in 

the  grey  clay  deposits  as  indicated  by  the  moisture  contents,  uniform  re- 
sistance during  sarapling  operations  and  the  occurrence  of  relativelj''  slightly 
softer  clays  in  strata  at  various  depths.  Deposits  with  similar  characteris- 
tics have  been  noted  by  various  engineers,  Dr,  Terzaghi  discusses  the  effect 
of  slow  sedimentation  in  relation  to  consolidation  which  produces  these 
characteristics  in  a  paper  "Undisturbed  Clay  Samples  and  Undisturbed  Clays" 
published  in  the  journal  of  the  Boston  Society  of  Civil  Engineers,  July  1941* 

(4)  In  order  to  assure  bracketing  the  stress  conditions  exist- 
ing in  nature,  the  triaxial  consolidated  quick  tests  were  made  on  specimens 
consolidated  under  loads  equivalent  to  the  submerged  and  saturated  weight  of 
the  overburden.  The  unit  submerged  and  saturated  weights  were  ^.ssumed  to  be 
45+  and  110£  pounds  per  cubic  foot  respectively.  The  water  contents  of  the 
specimens  prior  and  after  testing  were  determined  in  order  to  compute  the 
change  in  void  ratio.  To  determine  the  consolidation  characteristics  and  the 
precons  oil  dated  loads,  consolidation  tests  were  made  cai  ntmerous  specijnens. 

It  was  hoped  that  the  effective  stress  in  nature  would  be  indicated  by  the 
results  of  the  consolidation  tests  and  that  the  shearing  strength  for  this 
stress  could  be  determined  fron  the  results  of  the  shear  tests.  This  inter- 
polation rtiight  be  made  if  the  densities  of  the  specimens  during  the  test 
corresponded  to  the  densities  in  nature.  Extensive  tests  were  made  on  samples 
fron  D-II56  and  D-II60  were  used  for  most  of  the  studies. 

(5)  The  data,  moisture  contents  and  Mohr  circles  are  shown  on 
plates  III-53  to  58  and  62  to  80,  A  study  of  all  data  indicated  the  following: 

a.  The  moisture  content  in  the  soft  grey  clay  deposit  is 
nearly  uniform  with  depth  except  near  boundaries, 

b.  The  shearing  strength  of  the  soft  grey  clay  during 
test  is  only  dependent  upon  the  consolidation  load  during  test  and  indepen- 
dent of  depth  frctn  which  the  samples  were  taken.  That  is,  if  two  samples  were 
taken  from  different  depths  the  results  of  consolidated  quick  tests  would  be 
the  same  if  the  same  consolidation  loads  were  used, 

c.  Consolidation  test  loads  equivalent  to  the  submerged 
weight  of  the  overburden  changes  the  void  ratio  approximately  0,1  and  the 
water  content  less  than  3%   (cfry  weight). 

d.  Consolidation  test  loads  equivalent  to  the  saturated 
weight  of  the  overburden  XJhanges  the  void  ratio  and  water  content  appreciably, 

e.  NO  hydrostatic  excess  exists  in  the  clay  deposits. 

(6)  After  a  complete  study  of  the  results  of  all  quick  tests, 
consolidation-quick  tests,  consolidation  tests,  water  contents,  drilling  and 
sampling  operations,  and  visual  inspection  of  various  samples  it  was  concludefl 
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by  the  majority  of  the  engineers  involved   in  the  study  that  the  design  value 
shearing  strength  should  be  chosen  fran  the  results  of  quick  shear  tests. 
One  dissenting  member  recommended   that  the  results  of  consolidation-quick 
shear  tests  be  used  assuming  that   the  effective   load  at  any  point    is  equal  to 
the  submerged   .veight   of  the  overlying  overburden. 

(7)  The  results   of  the  original  quick  tests  were  studies  and 
it   was  noted  that    in  most   cases,   the  results  of  unconfined  tests  were  smaller 
than  the  results  obtained  by  applying  a  lateral  load.     It  was  concluded,   after 
watching  several  unconfined  tests,   that  the  results  are  not  representative 
due  to  the  formation  of  initial  cracks.      It  was  finally  concluded  that  the 
average  of  all  quick  tests  made  using  a   lateral  pressure   should  be  used  for 
design  purposes.     More  quick  tests  at  various  lateral  pressures  were  made  to 
complete  the  data  furnished  in  part  by  the  initial  quick  tests.     On  the  basis 
of  conclusion,    the  shearing  strength  of  the  soft  grey  clay  at   each  location 
was  assumed  constant   and  has  values  as  follows: 

Shearing  strength 
Drill  Hole  Site  Lbs,   per  sq,  ft, 

D-II56  Grass  River  Lock  680 

D-II60  Long  Sault  Canal  6OO 

D-I243  Long  Sault   Canal  Dike  No,  3                                540 

D-I279  Long  Sault   Canal  Dike  No.  3                                800 

(8)  The  firm  sandy  clay 'at  hole  D-II56  has  a  shearing  strength 
greater  than  that   of  the  underlying  soft  grey  clay  as  shown  on  plate   111-68, 
Prora  special  tests   it  was  concluded  that   the  results  of  quick  shear  tests  run 
at  a  very  slow  rate  are  practically  the  same  as  those  obtained  Yi/hen  the  tests 
are  run  at  the  usual  rate, 

3-05,      SPECIAL  INVESTIGATIONS 

(a)  General*  -  To  aid   in  the  design  of  canal  slopes  and  dikes  for 
Long  Sault   Canal,    certain  projects  having  similar  problems  and  soil  conditions 
have  been  investigated.     All  pertinent  data  which  may  be   of  some  value  has 
been  collected  and   is  on  file  in  the  district  office, 

(b)  Beauharnois  power  Development. 

(1)  An  investigation  was  made  of  the  methods  and  experience 
during  construction  at  the  Beauharnois  Canal  and  hydro-electric  development  on 
the  St,  Lawrence  River  between  Lake  St.  Francis  and  lake  St,  Louis,  approxi- 
mately 22  miles  west  of  Montreal.  Starting  in  1929  a  canal  was  constructed 
approximately  15  miles  long  with  30  miles  of  dikes  many  of  which  were  con- 
structed over  areas  of  soft  clay,  A  canplete  report  of  these  investigations 
is  presented  in  Appendix  A  of  this  analysis  of  design, 

(2)  Field  exploration  at  the  Beauharnois  Power  Development 
undertaken  by  the  TJ.  S.  Engineer  Department  in  1941  included  10  auger  borings 
designated  ABl  to  i^lO  and  two  6-inch  drill  holes,  D-1293  and  D-1294,  made 
for  the  purpose  of  taking  undisturbed  samples  for  observation  and  laboratory 
testing.  These  tests  were  desirable  to  provide  data  for  check  calculations 
on  the  failures  which  occurred  at  Beauharnois  and  for  comparison  with  test 
data  for  clays  at  the  Long  Sault  Canal,  A  complete  record  of  this  exploration 
and  testing  form  an  addenda  to  Appendix  A  of  this  analysis  of  design, 

(3)  ^rom  the  investigations  it  is  concluded  that,  in  general, 
the  clays  at  Beauharnois  with  an  average  water  content  above  80  percent  liave 
less  strength  than  the  clays  found  at  the  Long  Sault  Canal  and  dike  sites* 
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Triaxial  quick  shear  tests  on  undisturbed  samples  of  the  soft  clay  from 
D-I293  and  D-I29/1.  at  the  Peauharnois  development  indicated  a  natural  strength 
of  approximately  3OO  pounds  per  sq.  ft.  independent  of  depth.  In  some  areas 
canal  dikes  built  upon  the  clay  using  slopes  of  1  on  3  failed  when  construction 
had  reached  a  height  of  approximately  2k   feet.  One  railroad  embankment  with 
slopes  of .1  on  I.5  slumped  after  being  built  to  heights  varying  frdn  20  to 
25  feet.  Using  the  circular  arc  method  of  analysis  and  assuming  various  unit 
weights  of  materials  and  depths  of  soft  foundation  check  analysis  were  made 
for  these  conditions  of  failure.  Strength  values  from  350  to  k50   pounds  per 
sq.  ft.  were  indicated  by  these  studies  for  the  clay  foundations.  These  values 
are  sanewhat  higher  than  the  value  obtain  from  the  triaxial  quick  shear  tests, 
but  no  allowance  had  been  made  in  the  analysis  for  the  surface  crust  of  stiff 
sandy  clay  or  for  variations  in  the  construction  procedure.  The  tendency  of  • 
the  surface  crust  to  increase  the  stability  of  the  dikes  was  noted  by  engineers 
during  construction.  Experience  at  Peauharhois  indicated  that  dikes  could  be 
built  to  heights  approximately  the  same  as  those  referred  to  above  without 
failure  wherever  the  surface  crust  of  sandy  clay  had  a  minimum  depth  of  5  feet, 
(c)  Massena  Power  Canal,  -  The  power  canal  operated  by  the  Aluminum 
Ccmpany  of  America  at  Massena,  New  York,  has  been  sturlied  and  all  available 
data  on  the  construction  of  the  canal  has  been  collected  and  put  on  file  in 
the  district  office.  This  canal  which  is  located  in  the  same  vicinity  as 
the  Long  Sault  Canal  was  originally  excavated  over  thirty  years  ago  and  has 
since  been  deepened  to  approximately  forty  feet.  Because  similar  soil  condi- 
tions exist  at  both  sites  field  reconnaissance  and  an  inspection  of  the  be- 
havior of  excavation  slopes  was  made  «t  the  power  canal.  During  the  summer 
of  1941  cross  sections  were  taken  by  personnel  of  the  district  office  at 
three  locations  along  the  canal.  Till  slopes  with  a  maximum  height  of  100 
feet,  40  feet  of  which  is  submerged,  have  been  standing  on  slopes  of  1  on 
1,75  "Without  signs  of  major  slides.  Seme  erosion  and  sloughing  has  taken 
place  which  has  required  maintenance.  Slopes  in  sane  clay  areas  have  been 
continually  sliding,  but  at  present  clay  slopes  are  approximately  1  on  3  "-vhere 
they  are  completely  submerged.  Constant  maintenance  has  been  required  in 
clay  areas,  and  in  one  such  area  suc-.essive  slides  have  occurred  so  that  the 
surface  breaks  200  feet  back  from  the  normal  edge  of  the  canal  and  at  that 
point  stands  only  10  feet  above  the  water  level  in  the  canal, 

3-06,  PROPOSED  FUTURE  INVESPIGATIONS. 

(a)  ^eneral.  -  Various  future  investigations  are  proposed  at  the 
Long  Sault  Canal  and  dike  sites  to  be  conducted  prior  to  or  during  actual 
construction.  The  outline  of  these  investigations  is  presented  below. 

(b)  ^ield  Exploration.  -  Additional  drilling  for  undisturbed  samples 
should  be  undertaken  in  areas  of  deep  clay  foundations  along  Dikes  Mos,  1  and 
3.  More  extensive  knowledge  concerning  the  natural  strength  of  clays  in  these 
areas  may  permit  the  design  of  more  economical  sections  for  dike  embantanents 
over  critical  areas.  Additional  exploration  is  not  considered  necessarj'-  rrith- 
in  the  limits  of  eanal  excavation  covered  by  this  analysis  of  design.  Addi- 
tional exploration  to  obtain  undisturbed  samples  of  clay  at  the  Grass  River 
Lock  site  is  being  recommendef^  in  the  separate  analysis  of  design  for  that 
structure.  Information  which  may  be  obtained  fran  additional  investigations 

in  that  area  may  be  considered  applicable  to  the  design  of  canal  excavation 
slopes  in  certain  areas  at  the  la^er  end  of  the  canal. 

(c)  Test  Trenches  in  Clay.  -  RecOTimendptions  are  made  to  construct 
test  trenches  in  the  clay  in  the  vicinity  of  the  Long  Sault  Canal  prior  to 
construction  to  determine  the  shearing  strength  of  the  clay  and  to  make  a 
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comparison  of  the  results  obtained  from  the  test  trenches  with  these  obtained 
by  laboratory  tests.  To  accomplish  this  conparison  sufficient  undisturbed 
samples  must  be  taken  at  the  site  chosen  for  the  test  trenches  using  the  same 
equipment  and  oiethods  used  for  the  undisturbed  sampling  already  completed. 
The  laboratory  testing  program  on  these  samples  should  also  parallel  the  work 
previously  done  to  make  the  comparison  valid.  A  suggested  location  for  the 
test  trenches  is  in  the  vicinity  of  drill  hole  D-II68  in  the  ike  No,  3  area. 
At  this  location  stripping  to  a  depth  of  not  more  than  5  or  6  feet  would  be 
required  to  expose  the  apparently  uniform  soft  gray  clay.  The  proposed 
trenches  should  be  entirely  in  uniform  soft  gray  clay,  and  should  be  excavated 
with  great  care  to  avoid  jarring  and  to  obtain  a  uniform  depth.  The  trenches 
must  be  narro^^  to  control  the  desired  ultimate  failure  at  the  toe  and  must  be 
of  sufficient  length  to  eliminate  arching  action.  Trenches  I50  feet  long  and 
as  wide  as  a  drag  line  bucket  in  areas  stripped  to  the  gray  clay  over  a  width 
50  feet  each  side  of  the  centerline  are  believed  to  be  satisfactory.  The 
area  should  be  kept  dry,  and  it  is  suggested  that  excavation  of  one  trench 
be  continuous  until  failure  and  t-hat  excavation  of  the  second  trench  procede 
at  a  rate  of  2  feet  per  day  after  the  depth  of  the  trench  has  reached  I5  feet, 
A.t  this  location,  the  failure  in  such  tests  can  be  predicted  to  occur  when 
the  depth  of  the  trench  reaches  approximately  22  feet, 

(d)  Test  Bnbankment  on  Clay,  -  The  construction  of  a  tr-st  embank- 
ment on  clay  is  desirable  to  obtain  a  field  check  on  the  design  method  used 
for  the  dike  analysis.  Such  a  test  embankment  should  be  constructed  where 
top  soil  and  roots  have  been  removed  to  get  uniform  strength  in  an  area  of 
known  shearing  strength.  The  test  embankment  would  be  built  to  failure,  and 
check  analysis  subsequently  made.  This  type  of  test  would  be  of  greatest 
value  after  the  shearing  strength  of  the  dike  foundation  had  been  investigated 
by  a  test  trench  as  outlined  above.  Otherwise,  a  complete  program  of  undisturb 
ed  sampling  and  laboratory  testing  should  be  undertaken  for  the  foundation 
materials  at  the  site  selected  for  the  test  ©nbantanent, 

(e)  Settlement  Tests*  -  The  installation  of  settlement  plates  is 
recommended  on  clay  foundations  at  the  dikes.  Such  plates  will  be  used  for 
the  purpose  of  determining  fill  quantities  and  will  furnish  valuable  data  to 
check  ccraputations  of  settlement  at  the  various  dikes.  Maximum  final  settle- 
ments of  approximately  4  to  6  feet  are  expected  to  occur. 

(f)  T^drostatic  Pressure  Tests,  -  Field  tests  are  recommended  to 
study  the  hydrostatic  pore  w^ter  pressure  in  clay  areas  at  dike  foundations 
and  canal  cuts.  The  test  should  be  made  for  the  purpose  of  analysing;  present 
and  future  stress  conditions  in  these  areas  and  to  provide  information  which 
would  give  indications  of  impending  failures  during  construction,  A  complete 
change  of  pore  water  appears  to  have  taken  place  since  the  original  deposition 
of  the  marine  clays,  and  frcm  observation  it  would  appear  that  no  hydrostatic 
excess  pressures  exist  within  these  materials  at  the  present  time,  notwith- 
standing that  density  sho^s  no  appreciable  increase  with  depth.  A  careful 
check  of  the  hydrostatic  pressures  before,  during,  and  after  construction  is 
considered  desireable. 

(g)  Laboratory  Testinr^,  -  The  testing  program  on  undisturbed 
samples  from  drill  hole  D-1399  at  Dike  TTo,  1  is  to  be  completed.  Arrangements 
have  been  made  with  the  Ithaca  Soils  Laboratory  to  conduct  triaxial  shear 
tests,  consolidation  tests,  and  certain  routine  tests  on  samples  from  the  hole. 
Similar  tests  should  be  undertaken  on  samples  from  any  exploration  where  it 

is  considered  advisable  to  do  undisturbed  sampling  at  dike  sites  in  the  future 
or  at  the  test  trenches  and  test  embankment  discussed  in  paragraphs  3-^^  (c) 
and  (d).  Sufficient  routine  laboratory  tests  should  be  made  to  allow  proper 
classification  of  material  encountered  at  any  future  exploration.  Tests 
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should  he  made  during  construction  to  determine  the  relation  betv;een  ^at^ 
content   and  unit   -.eisht   to  -e  obtained  waen  ca.p.cting  the   selected  materials 
in  dike   embanfcnent   cores. 
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SECTION  IV 
DESIGN  OF  CANAL  EXCAVATION  SLOPES 

4-01.  GENERAL.  -  lh«  design  of  the  excavation  slopes  in  the  Long  Sault 
Cemal  involves  a  study  of  the  distribution  and  characteristics  of  the  over- 
burden materials,  the  effect  of  possible  excavating  methods,  the  choice  of 
slopes  which  will  require  limited  maintenance  in  the  canal,  and  the  consider- 
ation of  adequate  slope  protection  measures.  The  main  factors  governing  the 
design  are  the  characteristics  of  the  overburden  materials  and  the  stress  con- 
ditions to  be  produced  by  the  removal  of  material  from  the  canal. 

4-02.   GEOLOGICAL  FEATURES  AND  CHARACTERISTICS  OF  OVERBURDEN. 

(a)  Dietribution.-  The  overburden  through  which  the  canal  will  be 
excavated  is  variable  and  consists  of  marine  clay,  glacial  till,  and  water- 
laid  or  partially  water-laid  sand.  The  geological  origin  of  these  materials 
ia  described  in  paragraph  l-02(a).  Above  Robinson  Bay  Lock  the  overburden  is 
chiefly  compact  glacial  till.  An  area  of  clay  occurs  along  the  canal  alignment 
on  Long  Sault  Island  where  canal  excavation  will  vary  in  depth  up  to  approx- 
imately 23  feet.   In  this  area  much  of  the  svirface  is  uniform  silty  fine  to 
medium  sand  to  depths  from  0  to  8  feet.  The  variable  sandy  clay  which  is  either 
•xposed  or  underlies  this  sand  overlies  directly  soft  gray  clay  or  glacial  till 
at  depths  up  to  20  feet.  On  the  mainland  alxjve  Robinson  Bay  Lock  a  few  areas 

of  clay  also  occur,  but  grade  for  the  canal  in  these  areas  is  expected  to  rem- 
ain in  the  upper  variable  sandy  clay  so  that  there  will  be  practically  no  ex- 
cavation in  the  soft  gray  clay  above  the  lock.  Limited  siirface  deposits  of 
variable  sand  and  gravel  and  at  least  one  small  deposit  of  stratified  sand 
buried  between  layers  of  clay  occur  a  short  distance  upstream  from  the  lock. 
Below  Robinson  Bqr  Lock  marine  clay  deposits  overlie  glacial  till  between  ridges 
of  glacial  till.   In  seme  areas  water-laid  or  partially  water- laid  sand  deposits 
exist  between  the  clay  and  the  till,  but  these  deposits  are  limited  in  extent 
and  thickness  and  may  be  neglected  in  the  design.  The  maximum  depth  of  excav- 
ation in  clay  in  the  canal  outside  of  lock  excavation  will  be  approximately  30 
faet.  The  maximxam  excavation  in  till  in  the  canal  proper  will  be  approximately 
fO  feet.  The  variation  of  the  overburden  is  shown  in  geological  profiles  on 
Plates  ^V-1  to  IV-9»  and  the  classification  of  overburden  at  drill  toles  and 
auger  holes  and  the  records  of  probings  are  shown  on  Plates  III-I5  to  III-38 
and  III-43  "to  III-47.  The  location  of  all  exploration  in  the  vicinity  of  the 
canal  is  shown  on  Plates  III-5  "to  III-12. 

(b)  Characteristics  of  Clay  Deposits, 

(1)  The  clay  overburden  in  the  vicinity  of  the  Long  Sault  Canal 
consists  of  firm  variable  sandy  clay  and  of  soft  gray  silty  clay.   In  general, 
tha  variable  sandy  clay  occurs  in  surface  deposits  up  to  20  feet  in  depth  over- 
lying either  the  soft  gray  clay  or  glacial  till.   In  a  few  local  areas  the 
sandy  clay  is  covered  by  shallow  deposits  of  uniform  silty  fine  to  medium  sand 
such  as  occur  on  Richard's  Point  (Long  Sault  Canal  Stations  6o\   00  to  70  -J  00), 
on  Long  Sault  Island,  and  in  the  vicinity  of  Station  210  j   00  and  23O  -I"  00. 
A  few  very  limited  areas  occur  where  shallow  strata  of  sand  or  sand  and  gravel 
form  a  more  pervious  boundry  Between  the  top  sandy  clay  and  the  underlying  soft 
gray  clay.  Maximum  total  depths  of  clay  of  approximately  75  feet  were  observed 
during  exploration  along  the  canal  at  points  where  from  3   to  20  feet  of  the 
brown  sandy  clay  overlie  the  soft  gray  silty  marine  clay.  No  stratification  is 
apparent  within  the  two  general  classifications  of  clay.  The  water  table  in 
clay  areas  varies  from  the  surface  in  certain  swampy  localities  to  depths  of 
from  10  to  15  faat  below  the  surfaca. 
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Brown,  sandy  clay 

Gray  Clay 

2.70 

2.73 

35^ 

55   to  Go% 

51.6 

k7% 

2k% 

30.5% 

110  pcf 

103  pcf 

1.24 

1.65 

1200  pcf 

600  pcf 

(2)  Undisturbed  samples  tak«a  in  the  Long  Sault  Canal  from  6-inch 
drill  holes  D-II56  at  the  Grass  River  Lock  site  and  D-II60  east  of  Robinson 
Bay  Lock  are  considered  to  be  representative  in  general  of  the  clays  through- 
out the  canal.   Observations  of  the  sampling  process  and  of  the  samples  ob- 
tained and  a  study  of  the  laboratory  testing  indicated  that  pockets  of  red- 
uced strength  occior  in  both  the  brown  sandy  clay  and  the  soft  gray  clay.  The 
occurances  of  these  pockets  usually  appear  to  be  with  out  correlation  to 
locality,  depth,  or  even  water  content.  As  explained  in  paragraph  3-04  (•)» 
the  results  from  triaxial  tests  for  quick  shear  under  applied  lateral  pressure 
are  considered  to  be  the  most  representative  data  on  the  strength  of  the  clays 
as  they  occur  in  nature.  Strength  is  greatly  reduced  when  these  clays  are 
disturbed.  Direct  shear  tests  on  remolded  samples  and  liquid  limit  tests  ind- 
icated that  the  soft  gray  tlay  is  practically  without  atrenght  when  it  is  re- 
molded at  its  natural  water  content. 

(3)  Typical  grain  size  cxirves  for  the  brown  sandy  clay  and  the  soft 
gray  clay  are  shown  on  Plate  lV-10.  The  gray  clay  often  contains  many  small 
shells  and  particles  of  organic  matter,  and  grain  size  curves  indicate  from 

10  to  30  percent  by  weight  of  collodial  sizes.  The  characteristics  of  the  clay 
materials  are  siunmarized  in  the  following  tables. 

Specific  Gravity 
Water  Coirtent  {%   dry  weight) 
Liquid  Limit 
Plastic  Limit 
Wet  Weight 
Void  Ratio 

Design  Shearing  Strength 
(see  paragraphs  3-04 
and  3-03) 
The  variation  of  water  content  in  the  gray  clay  is  nearly  constant  for  most 
of  the  depth  as  shown  on  Plates  III-53  and  III-_54«   Consolidation  character- 
istics for  typical  samples  are  presented  in  the  form  of  pressure-void  ratio 
curves  on  Plates  III- 72  and  III-73*  and  typical  time -consolidation 
curves  on  Plates  III-76  to  III-79.  Actual  tests  for  the  coefficient  of  per- 
meability were  omitted.  However,  the  clays  are  very  impervious  and  their  av- 
erage coefficient  of  permeability  as  computed  from  consolidation  test  data 
is  approximately  0,0000001cm.  per  second, 

(c)  Characteristics  of  Glacial  Till.-  The  deposits  of  glacial  till 
consist  of  fairly  compact  to  compact  clayey  or  silty  gravelly  sand  with  scattered 
cobbles  and  boulders.  There  is  no  evidence  of  sand  leneea  in  the  till,  ^Vhere 
cnrerburden  occurs  over  the  till  it  consists  generally  of  clay,  ^cal  deposits 
of  loose  variable  silty  and  gravelly  sand  cap  the  till  ridges  on  Richards 
Point  and  where  the  canal  cuts  into  the  mainland  at  approximately  Station  240  ^ 
00,  There  are  also  variable  sand  and  gravel  deposits  overlying  the  more  com- 
pact till  in  the  ridges  just  west  of  the  Robinson  Bay  Lock.  Usually  the  till 
near  an  exposed  surface  or  the  contact  surface  with  clay  contains  less  silt  or 
clay  than  the  underlying  till.   Within  any  deposit  there  may  be  considerable 
variation  in  the  quantity  of  clay  or  silt  which  acts  as  a  binder,  but  in  general 
the  till  is  less  compact  near  the  surface  and  the  density  increases  with  depth. 
Grain  size  curves  considered  typical  for  this  material  are  shown  on  Plate  IV-10, 
From  the  results  of  a  few  tests  and  examination  of  samples  the  unit  wet  weight 
of  till  in  place  is  believed  to  average  about  145  pounds  per  cubic  foot.   The 
specific  gravity  is  approximately  2,74.  ^o  test  for  shearing  strength  or  ccn- 


4-2 


aolidation  charact«ri sties  were  made  on  samples  of  glacial  till.  Considerable 
experience  and  precedent  exist  in  working  with  similar  materials,  and  on  this 
basts  it  is  known  that  the  shearing  strength  is  greater  than  that  represented 
by  an  angle  of  internal  friction  of  30  degrees.   It  is  estimated  that  the  coeff- 
icient of  permeability  of  the  glacial  till  in  nature  varies  between  0.0001  and 
0.0000001  cm.  per  second. 

(d)  Bedrock.-  A  sufficient  amount  of  drilling  and  seismic  exploration 
was  completed  to  indicate  that  no  rock  excavation  will  be  required  for  the  con- 
struction of  the  canal  proper.  The  general  characterisitcs  of  bedrock  in  the 
ficinity  of  the  -Kobinson  Bay  and  Grass  River  ""^ocks  and  at  the  guard  gate  are 
considered  in  the  separate  analyses  of  design  for  those  structures. 

4-03   AMLYSIS  OF  CANAL  EXCAVATION  SLOPES. 

(a)  General.-  The  excavation  slopes  selected  for  the  canal  are  shown 
on  sheets  l'lC-l-lO/28  through  MC-l-lO/34  of  the  contract  drawings,  and  the 
analyses  are  on  file  at  the  district  office.  Slopes  shown  for  excavation  in 
firm  material  are  considered  to  be  satisfactory  and  final.  The  assigned  slopes 
in  clay  are  considered  to  be  satisfactory  but  should  be  revised  if  the  results 
from  field  tests  and  experience  during  construction  give  additional  information 
relating  to  the  clays  which  indicate  that  revisions  are  in  order. 

(b)  Slopes  in  Soft  ^terials. 

(1  )  The  clay  and  sandy  clay  present  in  the  canal  area  are 
termed  "soft"  materials   this  analysis  of  design  and  on  the  contract  drawings. 
The  stability  of  canal  excavation  slopes  in  areas  of  soft  overburden  materials 
depends  upon  the  depth  of  excavation,  the  depth  of  the  clays,  the  character isitc 
of  the  clays,  the  effect  of  seepage  forces,  and  the  method  of  construction. 
The  governing  depths  to  firm  materials  and  the  critical  depths  of  excavation  in 
6lay  are  indicated  by  tlae  geological  profiles  on  Plates  IV-1  to  lV-9.  The 
characteristics  of  the  clays  are  discussed  in  paragraph  4-02  (b).   It  is  expec- 
ted that  dry  excavation  methods  will  be  used  for  those  portions  of  the  canal 
covered  by  this  analysis  and  that  water  level  in  the  canalmay  be  lowered  for 
short  periods  after  it  is  put  into  service.  To  meet  these  conditions  which 
are  equivalent  to  "sudden  draw  down"  the  canal  was  assumed  to  b6  dewatered  in 
all  analyses.  It  is  also  concluded  that  excavation  in  soft  material  should 
be  made  in  a  manner  to  prevent  any  failures  during  construction.  The  soft  gray 
clay  is  practically  without  strength  when  seriously  disturbed  at  its  natural 
water  content  so  that  besides  the  possibility  of  danger  to  personnel  and  equip- 
ment excessive  excavation  would  be  necessary  to  provide  the  required  canal 
section  once  failtires  had  started.  The  basic  method  of  analysis  used  in  design 
was  the  "circular  arc  method"  which  assumes  that  a  rapture  surface  will  be  in 
the  form  of  a  circular  arc,  the  driving  forces  being  taken  as  the  effective 
weight  of  the  soil  mass  and  the  pore  water  weight  within  the  arc  acting  to 
produce  rotation  about  the  center  of  the  arc's  circle,  and  the  resisting  forces 
being  taken  as  the  sum  of  the  cohesion  acting  along  the  arc  and  the  friction 
on  the  arc  under  forces  normal  to  it» 

(2)  Preliminary  Studies.-  Preliminary  studies  of  the  stability 
of  canal  slopes  were  conducted  to  give  a  working  basis  for  design  and  to  give 
preliminary  results  for  conferences.  These  studies  were  made  using  the  "method 
of  slices"  application  of  the  circular  arc  type  of  stability  analysis.  The 
resisting  and  driving  forces  for  the  most  dangerous  circular  sliding  surface 
were  determined  for  the  case  of  sudden  drawdown  using  the  working  assumption 
that  the  ground  water  elevation  was  at  the  surface.  The  shearing  strength 
used  for  clay  was  based  on  results  from  triaxial  consolidated  quick  shear  tests 

(see  Plate  III-67),  and  preliminary  values  were  assigned  at  cohesion  equal  to 
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300  pounds  per  sq.ft.  and  angle  of  internal  friction  egual  to  9i  degrees  for 
clay  throughout  without  allowing  for  higher  strength  in  the  brown  sandy  clay 
at  the  surface.  The  saturated  weight  of  material  within  the  sliding  segirent 
was  used  in  calculating  driving  forces,  but  only  the  suhrcurged  weight  was 
considered  effective  in  calculating  frictional  resistance  to  sliding.  The 
results  of  these  preliminary  analyses  are  on  file  in  the  district  office. 

(3)  Final  Analyses.-  To  provide  a  basis  for  the  final  selection 
of  excavation  slopes. in  soft  overburden  materials  in  the  canal  new  stability 
analyses  were  made  using  the  /-circle  method.  These  analyses  were  made  foll- 
owing a  study  of  the  preliminary  results  and  following  the  decision  that  the 
shearing  strength  of  the  soft  gray  clay  is  substantially  independent  of  depth 
and  that  results  from  triaxial  quick  shear  tests  made  under  lateral  pressure 
give  strength  values  most  representative  of  the  actual  conditions  in  nature. 
The  method  described  and  curves  presented  in  the  paper  entitled  "Stability  of 
Earth  Slopes"  by  Professor  D.W.Taylor,  Journal  of  the  Boston  Society  of 
Civil  Engineers,  July  1937  were  used.  Analyses  were  based  upon  excavation 
in  the  dry  using  a  saturated  weight  of  material  equal  to  110  pounds  per  cu.ft. 
and  a  shearing  strength  for  all  clay  equal  to  600  pounds  per  sq.ft.  independent 
of  depth.  The  limiting  stability  ratio  for  the  fxnal  selection  of  slopes  was 
set  at  1.50,  and  the  results  from  these  studies  are  presented  as  curves  on 
PlateIV-11.  This  plate  which  was  used  as  a  basis  in  assigning  canal  excavation 
slopes  in  clay  areas  shows  for  depths  of  cut  tip  to  jG   feet  the  cotangent  of  the 
maximum  allowable  slope  under  the  conditions  assvtmed  plotted  against  total 
depth  of  clay.  The  maximum  slope  to  be  excavated  in  the  canal  was  set  at  1 
on  2  to  limit  maintenance.  Within  the  limits  of  the  contract  for  the  canal 
proper  it  was  necessary  to  flatten  slopes  in  clay  overburden  belov;  this  maximum 
only  in  the  section  extending  east  from  Robinson  Bay  Lock  for  approximately 
4000  feet.  The  slope  through  most  of  this  section  was  set  at  1  on  6. 

(If)  In  order  to  insure  a  gainst  the  effect  of  surcharge  from 
spoil  areas  upon  the  stability  of  slopes  in  soft  materials  provisions  are  made 
in  the  specifications  and  contract  plans  to  keep  spoil  areas  at  a  satisfactory 
distance  from  canal  excavation.  Where  soft  materials  exist  along  the  canal  a 
minimum  distance  of  approximately  200  feet  was  maintained  between  top  of  slope 
at  excavation  and  the  toe  of  slope  at  the  spoil  area.  The  maxinian  depth  to  which 
spoil  might  be  placed  behind  this  limit  was  further  restricted  to  20  feet  for 
an  additional  distance  of  200  feet  away  from  excavation. 

(c)  Slopes  in  Firm  ^faterials.-  The  glacial  till  and  i7?ater-laid  sands 
.which  occur  along  the  canal  alignment  are  considered  to  be  firm  materials. 
Since  the  canal  in  the  areas  of  firm  materials  will  probably  be  dry  during  con- 
struction and  possibly  during  short  periods  of  operation  the  most  critical 
general  assumptions  for  stability  are t hat  the  driving  forces  tending  to  c ause 
shear  failure  are  a  function  of  the  saturated  weight  of  the  material,  and 
that  the  shearing  strength  is  a  function  of  the  submerged  weight  of  the  material. 
Using  the  /-circle  method  and  the  charts  of  D.W.  Taylor  referred  to  in  para-^ 
graph  4-03  (b)  (3)  a  simplified  preliminary  analysis  indicated  that  the  stability 
ratio,  or  ratio  of  the  resisting  forces  to  driving  forces  for  shear  failure  along 
the  critical  circular  arc,  would  be  greater  than  I.5  for  the  50-foot  maximum 
depth  of  canal  cut  out  in  till  if  slopes  of  1  on  2  were  provided.  Since  slopes 
of  1  on  2  have  been  selected  for  all  heights  of  canal  excavation  in  firm  mater- 
ials based  upon  experience  with  similar  materials  and  general  consideration  of 
design  and  maintenance  ample  safety  is  provided  against  any  major  slide  during 
and  after  construction.  No  further  detailed  analysis  is  considered  necessary. 

4-04.  SLOPE  PROTECTION.  -  Excavation  slopes  throughout  the  length  of  the 
canal  will  be  largely  submerged  during  regular  operation.  Of  the  slopes  which 
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will  not  be  submerged  the  most  exposed  will  be  in  glacial  till  and  the  maximiun 
height  above  preliminary  pool  elevation  will  be  approximately  22  feet.   In 
view  of  the  adequate  width  of  the  canal,  the  character  of  the  till,  and  the 
excavation  slopes  of  1  on  2  assigned  in  this  material  no  special  measures  for 
slope  protection  are  considered  necessary.  It  is  believed  that  there  will  be 
ample  safety  against  majoi-  slides,  and  minor 'maintenance  can  be  accomplished 
during  operation  of  the  canal  without  the  interruption  of  regular  traffic. 

4-05.  FUTURE  ANALYSES.  -  The  completed  analyses  are  considered  to  t^ 
entirely  adequate  f or  t he  final  assignment  of  canal  slopes.  However,  future 
analyses  should  be  undertaken  if  unexpected  conditions  are  encountered  during 
construction  which  might  affect  stability  or  maintenance  or  if  results  from 
field  tests  such  as  a  test  trench  in  clay  differ  substantially  from  the  values 
used  in  this  analyses. 
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SECTION  V 
DESIGN  OF  DIKE  NO.  1 

5-01.   LOCATION.  -  A  study  of  the  general  requirements  for  the 
dike  system  along  the  Long  Sault  Canal  resulted  in  the  adoption  of 
dike  locations  fehown  on  sheets  MC-I-IO/30  and  MC-I-IO/3I  of  the 
contract  drawings.  This  dike  is  located  along  the  south  bank  approxi- 
mately parallel  to  the  canal  and  serves  to  maintain  pool  operation 
levels  in  the  canal  above  the  guard  gate.  The  dike  has  been  located 
in  areas  with  the  most  suitable  foundation  conditions. 

5-02.   GEOLOGICAL  FEATURES  AND  CHARACTERISTICS  OF  FOUNDATION  MATERIALS. 

(a)-  The  foundation  overburden  materials  consist  of  glacial 
till,  water-laid  and  partially  water-laid  sands,  and  marine  clay. 
The  variation  of  the  overburden  along  Dike  No.  1  is  shown  by  the 
geological  profile  on  Plates  V-1  to  V-3.  Classification  of  the  over- 
burden at  drill  holes  and  auger  holes  33  shown  on  Plates  1 11-39  "to 
III-42.  Detailed  reports  for  all  drill  holes,  auger  holes,  probings, 
and  test  pits  are  on  file  in  the  district  office.  In  general,  the 
silty  to  clayey  gravelly  sand  deposits  (glacial  till)  occurring  in 
the  foundation  area  are  quite  impervious  and  the  permeability  decreases 
with  depth.  The  estimated  coefficient  of  permeability  of  the  top  few 
feet  of  the  deposits  is  0.0001  cm.  per  second  below  which  the  coefficient 
is  probably  reduced  to  0.0000001  cm.  per  second.  The  glacial  till  in 
general  is  compact  ahd  has  a  high  angle  of  internal  friction. 

(b)  Two  types  of  clays  occur  in  the  foundation  area.  In 
part  of  the  area  between  stations  43  -f  00  and  78 -f  00  brown,  fairly 
firm,  sandy  clay  cover  overlies  soft  grey  marine  clay.  Between 
stations  3  f  00  and  20  4  00,  soft  grey  marine  clay  underlies  uniform 
sand.  The  soft  grey  marine  clays  have  an  average  water  content  of 
approximately  55  percent  dry  weight.  In  general,  the  water  content 
is  greater  than  the  liquid  limit.  Undisturbed  samples  have  been 
taken  from  D-1399  near  station  8  -f  00  for  shear  and  consolidation 
tests.  These  tests  are  not  complete  and  the  results  will  be 
Jplaced  in  the  office  files.  It  is  believed  that  the  grey  clay  has 
a  very  low  shearing  strength,  similar  to  the  other  soft  clays  which 
occur  in  the  vicinity  of  the  canal.  Typical  grain  size  curves  of 
the  clays  and  glacial  till  are  shown  on  Plate  Y-k* 

5-03.   AVAILABILITY  AND  CHARACTERISTICS  OF  EMBANKMENT  MATERIALS. 

The  materials  for  dike  embankments  will  be  obtained  from  canal  excava- 
tion and  from  gravel  deposits  selected  by  the  contractor.  Canal  ex- 
cavation will  be  particularly  heavy  along  this  section  and  will  pro- 
vide the  required  selection  of  clayey  or  silty  gravelly  sand  for 
earth  fill.  Grain  size  curves  which  are  considered  typical  of  the 
materials  for  the  earth  fill  are  shovra,  as  shown  for  glacial  till, 
on  Plate  IV- 10.  These  materials  can  be  easily  and  satisfactorily 
compacted,  and  when  compacted  as  required  in  the  specifications,  it 
is  estimated  that  the  coefficient  of  permeability  will  be  less  than 
.0001  cm.  per  second,  and  that  the  angle  of  internal  friction  will 
be  at  least  35  degrees.  Sand  and  gravel  for  backing  under  riprap 
will  be  obtained  from  suitable  aand  and  gravel  deposits  of  which 
there  are  a  number  within  less  than  15  miles  from  the  site, 

5-1 


5-04.   DESCRIPTION  OF  SECTION.  -  For  the  purpose  of  preparing 
contract  drawings,  the  section  shown  on  sheet  MC-1-20/4  of  the 
contract  drawings  was  selected.  At  the  time  of  selection,  it  was 
not  known  that  a  deep  deposit  of  clay  occurred  between  stations  3  -f  00 
and  20  ^  00  and  at  several  locations  along  the  land  side  toe  between 
stations  45-+  00  and  78-+  00.  Slopes  of  1  on  5  were  chosen  since  there 
is  ample  suitable  earth  material  available  from  the  canal  excavation. 
Due  to  the  soft  foundation  clays,  it  may  be  necessary  to  change  the 
slopes  in  some  sections  to  produce  ample  foundation  stability.  The 
dike  will  actually  be  a  spoil  deposit  for  canal  excavation  material 
with  a  compacted  section  on  the  pool  side.  The  front  slope  of 
Dike  No.  1  will  be  protected  with  riprap  which  will  be  placed  upon 
a  sand  and  gravel  backing  except  where  the  embankment  material  at 
the  face  contains  a  suitable  proportion  of  gravel.  To  prevent 
seepage  through  the  upper  few  feet  of  foundation  in  areas  of  relatively 
pervious  foundation  materials  a  cut-off  trench  is  provided.  It  is 
expedted  that  this  trench  will  be  required  between  stations  1|.  -f-  00 
and  19  \   00  where  the  top  foundation  layers  are  a  uniform  silty  fine 
to  medium  sand  and  may  be  required  at  other  sections  which  will  be 
determined  in  the  field  at  the  time  of  construction. 

5-05.   ANALYSIS  OF  SECTION.  -  No  detailed  analyses  have  been 
made  for  the  anbankment  sections  for  the  various  foundation  conditions. 
Such  analyses  was  not  considered  necessary  where  the  foundation  material 
is  silty  gravelly  sand  (glacial  till).  The  section  which  extends 
over  clay  areas  should  be  Analyzed  for  stability  and  the  slopes  should 
be  altered  if  necessary.  Shear  test  data  for  design  of  the  section 
between  station  3  +  00  and  20-+  00  will  be  placed  on  file  as  soon 
as  the  tests  are  completed.  The  use  of  a  cut  off  trench  was  adopted 
for  areas  where  slightly  porous  materials  in  the  upper  part  of  the 
foundation  might  permit  excessive  seepage.  Filter  blankets  to  con- 
trol seepage  were  not  considered  necessary  in  view  of  the  width  of 
the  section  through  the  dike,  and  no  special  protection  will  be 
required  at  the  back  toe. 
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SECTION  VI 
DESIGN  OF  DIKE  NO.  3 

6-01.  LOCATION.  -  Dike  No.  3  ^hich  servos  to  roaintain  operating  pool 
elevation  on  the  south  side  of  the  canal  from  dike  No.  near  the  guard, gate , 
to  Robinson  Riy  Lock  is  located  fS  shown  on  sheets  HC-l-lO/31  and  ?'C-l-10/32 
of  the  contract  drawings  except  east  of  station  70  +  00  which  is  shown  on 
the  contract  drawings  for  Robinson  Bay   Lock.   In  order  to  place  as  nnich  as 
possible  of  the  enbanloient  upon  firm  foundation  materials  the  adopted  loc- 
ation for  Dike  No.  ?   swings  awa;;-  from  the  south  canal  banlc  where  sizeable 
clay  areas  and  lower  elevations  occur  and  crosses  to  the  till  ridges  at  some 
distance  from  the  canal.  This  alignnent  crosses  two  major  areas  of  clay 
between  Stations  0+00  and  19  +  50  and  between  Stations  50  -f  00  and  56  -»-  00 ' 
but  otherwise  provides  a  relatively  good  foundation. 

6-02.   GEOLOGICAL  FEATURES  AND  CHARACTERISTICS  OF  FOIINDATION  T.IATERIALS. 

(a)  General.  -  The  foundation  overburden  materials  consist  of 
glacial  till,  vrater-laid  and  partially  rater-laid  sands,  marine  clay,  end 
beach  deposits.  The  variation  in  overburden  is  shown  by  a  geological  profile 
along  the  centerline  of  the  dike  on  Plate  VI-1.  The  classification  of  over- 
burden at  drill  holes  and  auger  holes  is  shOToi  on  Plates  in  Section  HI  and 
detailed  reports  for  each  drill  hole,  auger  hole,  probing  and  test  pit  are 

on  file  in  the  district  office.  The  foundation  from  stations  0  +  00  to  19  + 
50  nnd  50  +  00  to  56  +  00  consists  of  clay  overlying  water^laid  deposits  of 
sand  which,  in  turn,  are  underlain  "by   comp;»ct  silty  to  clayey  gravelly  sand. 
The  variable  sands  underlj'-ing  the  clay  arc  relatively  pervious  compared  to 
the  clay  and  to  the  underlying  silty  to  clayey  gravelly  sand.  The  coefficient 
of  permeability  of  the  variable  sands  may  be  as  great  as  5  x  10-4. cm.  per 
second.  The  raaxiraum  depth  of  clay  in  the  dike  foundation  area  between 
Stations  0+00  and  19  +  50  is  57  feet  at  the  centerline  between  Stations 
50  +  00  and  56  +  00  is  20  feet.  A  contour  map  of  the  firm  material  between 
stations  0  +  OO  and  19  +  50  is  shown  on  Plate  VI-2.  The  results  of  testing 
to  detormine  the  characteristics  of  the  clays  at  these  two  locations  are 
presented  in  paragraph  5-02 (b)  below.  The  foundation  overburden  in  other 
sections  of  the  dike  consists  of  compact  glacial  till  except  for  small 
variable  beach  deposits  of  sand  and  gravel  between  Stations  53+  00  and  67+ 
00  and  Stations  72  +  00  and  77  +  00,  and  a  shallow  clay  deposit  between  Sta- 
tions 58+00  and  70  +  00.  Topical  grain  size  curves  for  the  foundation 
materials  are  shown  on  Plate  VI-3.  The  glacial  till  is,  in  general,  very 
compact.  However,  the  compactness  and  the  density  depend  upon  the  percentage 
of  clay  and  silt  particles  present.  The  upper  portion  of  the  till  deposits, 
to  a  depth  of  approximately  5  feet,  usually  contains  a  smaller  proportion  of 
silt  and  clay  sizes  with  the  result  that  this  materisil  is  more  pervious  and 
has  an  estimated  coefficient  of  0.0001  cm.  per  second  as  compared  with  a 
coefficient  of  approximately  0.0000001  cm.  per  second  for  the  underlying  till. 
Because  there  has  been  considerable  experience  in  the  construction  of  earth 
embankments  upon  foundations  similar  to  the  firm  overburden  materials  to  be 
found  at  this  dike  site  no  extensive  program  of  soil  testing  was  considered 
necessary  except  for  the  clays.  The  general  characteristics  of  glacial  till 
described  in  paragraph  4-02  (c)  for  the  canal  excavation  may  be  considered  to 
apply  to  till  foundation  at  Dike  No.  3. 

(b)  Characteristics  of  Clay.  -  The  two  important  areas  of  clay  in 
the  foundation  area  of  Dike  No.  3  mentioned  above  occur  between  Stations  0+00 
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and  19  f  50  and  between  Stations  50  -f  00  and  5^  +  00.     Plate  71-3     shows 
typical  grain  size  curves  for  the   clays  which  occur  in   the  areas,     A 
summary  of  routine  test  results  for  clay  samples  from  D-1243  is  presented. 
on  Plates  III-55t   III -57 t  and  III-58*     Water  content  determinations  for 
samples  from  the  upper  8  feet  where  the  clay  contains   scattered  sand  pockets 
and  some  dispersed  sand  show  a  range  between  2<),%  and  37»9%»     Below  8  feet 
the  water  content  of  the   clay  appears  to  be  independent  of  depth  and  varies 
generally  between  45?  and  35%  of  "iry  weight  with  an  average  of  approximately 
49^«     The  results  of  consolidation  tests  on  undisturbed  samples  from  D-1243 
are  summarized  as  pressure-void  ratio  curves  on  Plate  III-74*     Typical  time- 
consolidation  curves  appear  on  Plate  III-80,     An  average  coefficient  of 
penneability  computed  from  the  consolidation  test  data  is  approximately 
0»000001  cm*  per  second.     The  results  from  triaxial  tests  on  undisturbed 
samples  for  both  quick  shear  and  consolidated  quick  shear  are  shown  on 
Plates  111-64*   III-65.  and  III -70.     A  typical  stress-strain  curve  is  pre- 
sented on  Plate  III-61.    As  explained  in  paragraph  3-O4  (d)  the  results 
from  tests  for  quick   shear  are  considered  to  be  the  most  representative 
data  on  the   strength  of  the   clay  as  it  occurs  in  nature .     On  this  basis  a 
value  of  540  pounds  per  sq.   ft.,   independent  of  depth,  was  adopted  as  the 
strength  of  the  clay  for  the  final  analysis  of  this  section.     The  results  of 
tests  on  san5)les  from  drill  hole  D-1279  were  used  to  indicate  the  character- 
istics of  the  clay  in  the  second  clay  area  between  Stations  50+00  ^iid 
56  4  00.     This  material  appears  to  have  greater  strength  in  its  natural  state 
than  that  at  D-1243»  and  a  conservative  value  of  ^00  pounds  per  sq.   ft., 
independent  of  depth,  was  adopted  for  the   final  design.     Plates  III-65  and 
III-7I  show  the  results  from  triaxial  tests  for  quick  shear  and  consolidated 
quick  shear  rxrn  on  samples  fran  D-1279 »   and  the  pressure-void  ratio  curves 
for  consolidation  tests  of  undisturbed  samples  appear  on  Plate  III-75*     A 
summary  of  the  results  from  routine  tests  upon  samples  fran  hole  D-1279  is 
presented  on  Plates  III-57  and  III-58.     Water  content  deteiminations  fell 
chiefly  between  40^  and  5^  of  dry  weight  with  the  average  near  5A^»     The 
estimated  coefficient  of  peimeability  is  approximately  0.0000001  cm.  per  second* 

6-03.     AVAILABILITY  AND  CHAmCTERISTICS  Of  EMBAMOffiNT  MATERIAIS.  - 
Materials   for  the  dike  embankments  will  be  obtained  from  the   canal  excavation 
and  from  gravel  deposits  selected  by  the  contractor.    Materials  for  the 
earth  fill  section  of  the  dikes  will  be  clayey  or  silty  gravelly  sand 
obtained  by  selection  from  the  canal  excavation.     In  case  additional  borrow 
is  required  for.  earth  fill  beyond  what  can  economically  be  obtained  from  the 
canal  excavation  it  may  be  obtained  from  borrcw  areas  in  the  till  ridge  to 
the  south  of  Dike  No.  3,     The  grain  size  curves  vdiich  are  considered  typical 
of  the  materials  for  earth  fill  are  shown  on  Plate  IV-10.     These  soils  can 
easily  and  satisfactorily  be  compacted,  and  when  compacted,  as  stated  in  the 
specifications  it  is  estimated  that  the  coefficient  of  permeability  will  be 
less  than  0.0001  cm.  per  second  and  that  the  angle  of  internal  friction  will 
be  at  least  35  degrees.     For  purposes  of  design  a  unit  weight  of  125  pounds 
per  cu.  ft.  is  considered  satisfactory  for  earth  fill  in  place  in  the  embank- 
ment.   Pervious  materials  for  filter  blankets  aM  sand  and  gravel  for  backing 
under  riprap  will  be  obtained  fran  sand  or  sandy  gravel  deposits.     Small 
superficial  deposits  of  sand  and  gravel  containing  material  which  is  believed 
to  be  suitable  occur  within  15  miles  of  the  site.       Material  for  the  I'ock  toe 
fillet  and  for  riprap  will  be  obtained  by  stone  removal  from  earth  fill  sect- 
ions of  the  embankments  and  borrowed  from  exoavations  for  other  structures  of 
the  project. 

6-04.     DESCRIPTION  CPTHE  SECTION. 

(a)     General.  -     Dike  No.  3  will  be  an  earth  fill  vrith  a  minimum 
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top  width  of  35  feet  which  may  be  used  as  a  future  roadway.  At  the  eas- 
tern end  of  the  dike  where  it  will  approach  and  tie  to  the  structure  of  the 
Robinson  Bay  Lock,  Dike  No.  3  will  be  used  as  a  railroad  approach  to  the 
lock.  The  top  of  the  dike  is  at  elevation  254.5.  Sufficient  freeboard  is 
believed  to  be  provided  at  raaxiimm  pool  elevation  against  overtopping  by 
waves  under  maximun  conditions  where  the  canal  pool  will  be  wide  providing 
long  fetches  to  the  wind,  laical  sections  for  the  dike  are  shown  on  sheets 
HC-1-20/4  and  110-1-20/5  of  the  contract  drawings  except  for  that  portion 
which  is  included  in  the  contract  for  Robinson  Bay  Lock. 

(b)  Sections  on  Firm  ?ovmdation.  -  The  typical  section  on  a  firm 
foundation  will  h«ve  an  impervious  core  of  compacted  Class  I  earth  fill 
(see  Paragraph  3-06  of  the  Long  Sault  Canal  and  Dike  Specifications)  between 
front  and  bR.ck  sections  of  compacted  ClessII  earth  fill.  The  reservoir  slope 
will  be  1  on  3  and  will  be  protected  against  erosion  by  riprap  to  a  depth  of 

3  feet.  The  riprap  will  be  placed  upon  a  sand  and  gra-vel  backing  except  where 
the  fill  contains  sufficient  gravel  at  its  surface  to  make  the  use  of  the 
backing  unnecessary.  The  land  slope  will  be  1  on  2^  and  will  be  seeded. 
Where  the  height  of  dike  exceeds  10  feet  a  cut-off  trench  under  the  core  will 
be  used  wherever  necessary  to  intercept  excessive  seepage  through  any  more 
pervious  surface  layer  of  the  fountlation  which  ma^'  be  encountered.  When  the 
height  of  dike  exceeds  10  feet  a  filter  blanket  will  also  be  used  to  a  depth 
of  2  feet  under  the  Class  II  fill  at  the  back  of  the  dike,  and  the  back  toe 
will  be  protected  with  riprap  as  indicated  on  the  typical  sections. 

(c)  Sections  on  Soft  Ibundation. 

(l) Dike  sections  to  be  constructed  upon  clay  between  sta^ 
tions  0  -^  00  and  19  "f-  50  include  transition  sections  and  the  typical 
sections  shown  on  sheet  MC-1-20/5  of  the  contract  drawings. 
These  sections  are  to  consist  of  a  central  core  of  compacted  earth  fill  set 
between  front  ajid  back  sloping  berm  sections  of  dumped  fill.  The  shape  and 
base  width  of  the  sections  are  governed  by  foundation  donditions.  Because  of 
the  large  width  of  the  embankment  between  Stations  0  +  00  and  19  "*■  50  no 
filter  blanket  and  no  special  protection  at  the  back  toe  are  considered  nec- 
essary. Required  stripping  is  limited  to  a  width  of  100  feet  at  the  center- 
line.  The  reservoir  slope  will  be  protected  above  elevation  244.0  by  riprap 
placed  upon  a  ss-nd  and  gravel  blanket  where  required.  The  top  3  feet  of  the 
reservoir  berm  slope  of  1  on  20  will  be  gravelly  material  to  prevent  excessive 
erosion  when  it  is  submerged. 

(2)  The  dike  section  between  Stations  50^-00  and  58  ->-  50 
will  have  a  central  core  of  compacted  Class  I  earth  fill  between  sections 
of  Class  II  fill  flanked  by  sloping  berm  sections  of  dumped  fill  below  el- 
evation 235.0.  The  reservoir  slope  above  elevation  235  will  be  protected  by 
riprap.  A  cut-off  trench  will  be  provided  under  the  core  where  required  and 
a  sand  and  gravel  filter  will  be  used  under  the  Class  II  and  Class  III  fill 
on  the  land  side  of  the  dike.  A  sand  and  gravel  drain,  20  feet  wide,  extends 
from  the  filter  blanket  to  the  land  side  toe. 

6-05.  ANALYSIS  OF  SECTIONS. 

(a)  General.  -  The  selection  of  suitable  sections  for  Dike  No.  3 
involved  the  usual  major  considerations  of  limiting  elevations  and  dimensions, 
the  strength  of  foundation  materials,  the  design  of  stable  embankment  sections 
using  the  economically  available  materials,  the  question  of  consolidation  in 
both  the  foundation  and  embanlanent,  and  the  control  of  seepage  forces  and 
losses.  The  top  elevation  of  canal  dikes  above  the  Robinson  Bay  Lock  has  been 
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set  at  elevation  254«5«  With  the  pool  preliminary  operating  level  above 
Robinson  Bay  Lock  at  elevation  238*0  and  ultimate  pool  level  planned  for  el- 
evation 242,0  sufficient  freeboard  is  considered  to  be  provided  against 
overtopping  by  vjaves  and  against  maximum  high  water  conditions.  The  maximum 
height  of  anbankment  required  for  this  dike  will  be  40feet»  Data  on  the 
strength  and  characteristics  of  foundation  and  embankment  materials  are  dis- 
cussed in  paragraphs  6-02  and  6-O3  above.  Since  foundation  materials  of 
two  entirely  different  ranges  of  strength  occur  at  the  site  the  problem  of 
design  was  separated  into  two  parts t  the  selection  of  embankment  sections  to 
be  placed  upon  firm  foundations  such  as  deposits  of  glacial  till  and  the  sel- 
ection of  sections  to  be  built  upon  soft  foundation  areas  of  clay. 

(b)  Sections  on  Firm  Foundation.  -  Detailed  analysis  are  not  con- 
sidered necessary  for  the  sections  adopted  for  use  upon  firm  materials. 
EaQ)erience  with  similar  materials  and  sections  indicates  that  ample  safety 
for  stability  has  been  provided,  and  that  the  quantity  of  seepage  will  be  veiy 
small.  When  the  height  of  the  dike  exceeds  10  feet  a  filter  blanket  will  be 
used  under  the  back  slope  to  control  seepage  and  the  bade  toe  will  be  protected 
by  riprap,  A  cut-off  trench  will  also  be  utilized  where  necessary.  Settlement 
of  the  foundation  will  be  negligible.  Consolidation  of  the  embankment  will 
occur  largely  during  the  construction  period,  and  sufficient  top  width  is 
provided  to  permit  capping  to  correct  for  the  minor  settlement  which  will 
occur  later, 

(c)  Sections  on  Soft  Foundations, 

(1)  Preliminary  Studies,  -  As  the  exploration  and  testing 
programs  progressed,  indicating  the  extent  and  characteristics  of  the  tTo 
major  clay  areas  along  the  dike,  the  decision  was  made  that  to  remove  the  clay 
or  to  sink  the  dike  in  these  areas  would  not  be  practical.  First,  a  pre- 
liminary section  for  the  embankment  upon  clay  was  assigned  (April  18,  1941) 
with  1  on  3  slopes  on  the  back  slope  and  on  the  front  slope  above  elevation 
223,0  and  1  on  4  below  that  point.  An  impervious  central  core  was  provided, 
and  sand  and  gravel  filter  blankets  under  the  front  and  back  slopes  were  to  be 
used  to  accelerate  consolidation  by  providing  surface  drainage  for  the  found- 
ation. This  section  was  superceded  when  a  revision  of  the  dike  alignment  was 
made  and  more  conrplete  foundation  esqjloration  indicated  depths  of  clay  up  to 
57  feet  between  Stations  0  y  00  and  I9  -f  50»  Studies  were  next  undertaken  to 
determine  to  yfha.1   height  the  dike  could  be  built  with  slopes  of  1  on  5  uding 
a  minimum  allowable  stability  ratio  of  1,25  and  strength  values  for  clay  based 
upon  the  results  of  triaxial  consolidated-quick  shear  tests  (see  Plate  III-70), 
Cohesion  was  taken  equal  to  50O  pounds  per  sq,  ft,  and  the  angle  of  internal 
friction  equal  to  Hi   degrees  for  the  clay.  For  the  earth  fill  of  the  embank- 
ment unit  moist  weight  was  taken  at  125  pounds  per  cubic  foot,  cohesion  equal 
to  zero,  and  the  angle  of  internal  friction  equal  to  30  degrees.  The  "method 
of  slices*  application  of  the  circular  arc  theory  of  failure  was  en^jloyed,  and 
the  25-foot  stages  were  analysed,  as  well  as  the  full  height  of  40  feet.  On 
this  basis  it  appeared  that  the  dike  might  be  constructed  to  the  30-foot  stage 
before  the  minimum  stability  ratio  of  resisting  forces  to  driving  forces  would 
fall  below  1,25.  With  the  decision  that  the  results  of  quick  shear  tests  under 
applied  lateral  pressure  are  the  most  indicative  of  values  for  the  natural 
strength  of  the  clay  (see  paragraph  3-04)  (©)  "the  design  values  were  revised  to 
use  a  strength  equal  to  540  pounds  per  sq,  ft,  independent  of  depth  for  this 
section  between  Stations  0  ^  00  and  I9  f  50»  Preliminary  analyses  showed  that 
comparatively  flat  slopes  were  required  for  the  embankment  on  deep  clay  with  the 
result  that  composite  bermed  slopes  were  investigated  using  first  the  conventiona 
method  of  slices  and  next  a  mathematical  analysis  based  upon  the  circular 
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arc  theory  of  failnre.  At  this  point  in  the  design  of  dikes  a  slightly- 
increased  velvie  of  35  degrees  was  adopted  for  the  angle  of  internal  fric- 
tion for  materials  in  place  in  the  dike  emhankment  and  the  minimcun  stab- 
ility ratio  required  was  set  at  1.50.  The  determination  of  shearing  stress- 
es in  the  foundation  and  at  a  rigid  "boundary  "by  methods  developed  "by  Dr. 
Leo  Jurgenson  (see  "The  Application  of  Theories  of  Elasticity  and  Plastic- 
ity to  Foundation  Problems,"  Journal  of  Boston  Society  of  Civil  Engineer, 
July  1934)  and  hy  the  Corps  of  Engineers  at  Fort  Peck,  Montana  (see  explan- 
ations and  tables  under  Chapter  8,  "Notes  on  Principles  and  Applications  of 
Soil  Mechanics,"  U.S.  Engineer  Office,  Fort  Peck,  Montana,  June  1939)  was 
used  as  a  check  upon  the  results  from  the  mathematical  analyses.  Following 
a  review  of  preliminary  results  up  to  that  point,  a  series  of  studies  were 
undertaken  hy  the  method  of  slices  using  a  flat  berm  at  elevation  246.0. 
This  led  directly  to  the  final  design  discussed  in  paragraph  (2)  below. 
Preliminary  studies  of  embankment  sections  for  the  dike  on  soft  foundation 
between  Stations  50  -♦•  00  and  56  +  00  were  less  extensive  but  followed  the  same 
general  pattern  except  that  a  strength  value  of  800  pounds  per  sq.  ft.  for 
the  cla;j'-  was  used  throughout,  independent  of  depth.  The  results  of  all  an- 
alyses are  on  file  in  the  district  office. 

(2)  Final  Analyses.-  Final  stability  analyses  for  dike 
No.  3  sections  on  soft  foundation  materials  were  carried  out  using  the  me- 
thod of  slices  and  setting  the  minimum  allowable  stability  ratio  of- resisting 
forces  to  driving  forces  at  1.50.  The  foundation  and  embanlnnent  character- 
istics assumed  are  presented  in  paragraphs  6-02  (b)  and.  6-03.  Sucmary  sheets 
for  stability  analyses  performed  for  the  finally  adopted  sections  appeer 
on  Plates  VI-4,  VI-5,  and  VI-6.  A  typical  conputation  for  these  stability 
analyses  is  shown  on  Plate  VI-7.  The  final  sections  were  designed  to  require 
as  little  riprap  as  possible,  this  type  of  protection  being  confined  to  the 
upper  1  on  2^  slope  on  the  front.  The  1  on  20  slope  for  the  berms  was  con- 
sidered to  be  sufficiently  flat  to  prevent  harmful  erosion  on  the  pool  side 
where  most  of  the  berm  will  be  submerged.  The  sections  between  Station  0  + 
00  and  19  ■♦-  50  are  sufficiently  wide  so  that  the  problem  of  see  page  is  con- 
sidered negligible  and  no  protection  of  the  back  toe  will  be  required. 
Because  of  the  comparatively  great  depth  of  very  impervious  clays  under  this 
part  of  the  dike  it  is  not  believed  that  settlement  of  the  foundation  can 
be  accelerated  to  any  valuable  extent  by  providing  filter  blankets  for  the 
drainage  of  expelled  pore  water  at  the  top  of  the  foundation.  Such  blankets 
were  therefore  omitted  under  this  section  of  the  dike.  A  rough  check  of  the 
settlements  up  to  a  maximum  of  5  feet.  Complete  settlement  analyses  includ- 
ing consolidation  within  the  embankment  were  not  undertaken.  Between  itations 
50  -y  00  and  58+00  where  the  cross  section  of  the  dike  on  clay  is  somewhat 
less  wide  a  filter  blanket  and  back  toe  protection  are  to  be  used  to  control 
against  the  possible  effects  of  sec  page  and  a  cut-off  trench  is  to  be  pro- 
vided where  necessary. 

6-06.  SUTURE  ANALYSES.  -  After  additional  exploration  is  conducted  and 
additional  studies  ere  made  to  determine  the  shearing  strengths  of  the  foun- 
dation clays,  the  sections  between  Stations  0+00  and  19  -*■  50  and  between 
50  +00  and  58  -»-  00  should  be  checked  for  statical  stability.  Final  design 
for  all  sections  of  the  dike  on  firm  material  is  considered  complete. 

6-07,  ECONOMY  OP  CONSTRUCTION.  -  In  the  design  of  the  dike  sections, 
considerations  were  given  to  the  locations  and  quantity  of  available  suitable 
material  for  oonstructicm.  It  is  believed  that  ample  material  will  be  obtained 
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from  the   canal  excavation  for  the  section  between  Stations    0+00  e.^^-. 
70+00  and  from  the  Robinson  Bay  Lock  excavation  for  the  section 
beyond  Station  70  f  00*     The  wide  berms  of   the  dike   sections  on  clay 
foundations  will  be  composed     of  randan  fill  and  will  not  be  compacted* 
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SECTION  VII 
DESIGN  OF  DIKES  NOS.  5  MD  6 

7-01.  LOCATION  OF  DIKES  NOS.  5  AND  6—  A  study  of  the  general  requiremente 
for  the  canal  dike  system  resulted  in  the  adoption  of  the  locations  for  Dike 
Nos.  5  and  6  shown  on  sheets  MC-l-lO/33  and  MC-l-20/l  of  the  contrsct  drawings. 
Dike  No.  5  approximately  parallels  the  canal  between  Stations  406   00  to  429 
00  at  some  3,000  feet  to  the  south.  Dike  No,  6  is  opposite  to  the  north,  between 
the  canal  alignment  and  Robinson  Bay.  At  these  locations  minimum  quantities  of 
suitable  embankment  materials  may  be  used,  and  relatively  favorable  conditions 
exist. 

7-02.  GEOLOGICAL  FEATURES  AND  CHARACTERISTICS  OF  FOUNDATION  MATERIALS. 

(a)  No  detailed  foundation  exploration  was  considered  necessary  at  the 
final  adopted  alignment  for  Dike  No.  5.  A  few  auger  borings  in  the  vicinity 
indicate  that  the  foundation  is  a  sandy  clay  overlying  a  softer  clay.  However, 
the  maximum  height  of  embankment  on  this  foundation  will  be  10  feet  only.  Plate 
VII-1  presents  a  geological  profile  for  Dike  No.  5.  Typical  grain  size  oiirves  of 
the  foundation  material  are  shown  on  Plate  VII-2. 

(b)  A  geological  profile  at  the  centerline  of  DikE  No.  6  is  presented 
on  Plate  VII-1.  The  overburden  consists  in  general  of  uniform  fine  to  medium 
Bands  overlying  clay  to  a  depth  of  approximately  10  feet.  Typical  grain  size  curves 
are  shown  on  Plate  VII-3.  The  estimated  coefficient  of  permeability  for  these 
sands  is  0.0001  cm.  per  second.  The  depth  of  the  underlying  clay  is  variable  but 

is  known  to  exceed  40  feet  at  certain  probings  along  the  dike  alignment.  Specific 
tests  were  not  run  on  samples  of  this  clay,  but  its  general  characteristics  are 
considered  similar  to  those  of  the  soft  materials  found  in  canal  excavation  areas 
and  described  in  paragraph  4-02  (b).  Since  Dike  No.  6  will  be  at  its  maximum 
heif^ht  where  it  crosses  the  existing  channel  of  Robinson  Creek  the  depth  of  clay 
in  that  vicinity  was  more  thoroughly  investigated  by  probing.  Elsewhere  enbank- 
raent  heights  do  not  exceed  18  feet.  The  abutments  at  Robinson  Creek  and  certain 
areas  hear  the  eastern  end  of  the  dike  consist  of  well  graded  silty  to  clayey 
gravelly  sand  which  in  general  is  quite  impervious.  However,  the  top  few  feet 
rusy   be  somewhat  variable  and  more  pervious. 

7-03.   AVAILABILITY  AND  CHARACTERISTICS  OF  EkHBAl^.tENT  MATERIALS. - 

The  materials  for  the  dike  embankments  will  be  obtained  from  the  ccnal  ex- 
cavation and  from  gravel  deposits  selected  by  the  contractor.  Ifeterials  for  the 
earth  fill  section  of  the  dikes  will  be  similar  and  available  to  those  described 
in  paragraph  6-03. 

7-04.   DESCRIPTION  0?  SECTIONS. 

(a)  Dike  No.  5.   -  Dike  No.  5  will  be  compacted  Class  1  earth  fill  of 
suitable  material  obtained  from  excavation.  The  top  width  will  be  at  least  15 
feet.  The  front  slope  of  1  on  3  will  be  protected  against  erosion  by  riprap 
■olaced  upon  a  suitable  sand  and  gravel  baclcing  where  required.  The  back  slope 
of  1  on  2:^-  will  be  protected  by  seeded  topsoil.  A  typical  section  is 
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shown  on  sheet  IC-1-20A. 

(^)  Dike  NO.  6»  -  Where  the  height  of  embankment  is  less  than  18 
feet  Dike  No.  6  pill  be  constructed  similar  to  those  sections  of  Dike  N0.3 
on  firm  foiindation  materials  described  in  paragraph  60^.  In  the  vicinity  of 
Robinson  Creek  where  the  height  of  Dike  No.  6  will  exceed  18  feet  the  section 
shown  on  Sheet  MC-1-20/5  of  the  contract  drawings  will  be  used.  This  section 
provides  an  additional  sloping  berm  with  a  slope  of  1  on  20  between  elevation 
185«0  and  elevation  I90.O  on  both  front  and  back  of  the  embankment..  Slopes 
below  elevation  I85.O  will  be  1  on  2i  and  above  elevation  I90.O  will  be  the 
same  as  for  other  sections  of  the  dike.  The  reservoir  slope  will  be  protected 
by  riprap  above  the  sloping  berm,  the  top  of  which  will  be  selected  material 
to  a  depth  of  3  feet.  To  control  seepage  through  the  embankment  and 
foundation  a  filter  blanket  is  provided  under  the  Class  II  fill  at  the  back 
of  the  section.  This  filter  blanket  will  be  drained  by  a  sand  and  gravel 
filter-drain  20  feet  wide  extending  to  the  back  toe  in  the  bottom  of  the  presenl 
channel  of  Robinson  Creek  at  approximately  Station  2  f-70  for  the  dike. 

7-05.  ANALYSIS  OF  SECTIOPB.  -  No  detailed  analyses  have  been  made  of 
embankment  sections  assigned  for  Dikes  Nos.  5  ^^d  6.  The  heights  of 
embankment  required  are  relatively  low  except  at  Robinson  Creek  on  Dike 
No.  6.  Based  on  experience  with  similar  materials  and  sections,  it  is  consider* 
that  the  sections  assigned  have  ample  safety  for  stability  and  that  the 
quantity  of  seepage  will  be  small.  "Hie  design  studies  for  sections  of  Dike 
No.  3  were  of  some  value  as  guides  in  assigning  the  section  at  Robinson  Creek. 
Foundation  and  embankement  settlements  have  not  been  computed,  but  are  not 
expected  to  be  important  on  Dikes  Nos.  5  ^^^  6.  Since  an  interim  period 
will  exist  after  the  completion  of  the  dikes  and  before  regular  operating 
conditions  in  the  canal  are  extabiished  there  will  be  an  opportunity  to  observe 
settlement  and  seepage  conditions  and  to  take  corrective  measures  it  necessary. 
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BBIU.  BOLIS,   AOam  SOKISOS  i  UASB  PEOBIISS 
WITH  KUMSXBS  ABIATXE  THAI  150O 

Brill  Hoi* 
lo. 


_I ,_ 

383.568 
383.632 
381. 863 
38l*.363 

385^826 

386,388 
^86:528 


KLevatloa 

TTCT^ 

I8U.5 
186. 3 
ISI.9 
18' -9 
18<t.l 

177.8 
177.9 
179.2 
179.8 


^"1603-i. 
B  I6OU 
D  1605 

0  1606 
a  ito 


B  i6oe 
B  1609 

B  1610 
B  1611 

B  1612 


B  1611 
B  1614 

».l6i5-^ 
t>l6l6^ 

*-' 617*1* 


1-1618-* 

T-1619-A 

*-l620-A 
1-1621 -A 

*-ifea-A 


1-162  VA 
t-l62U-A 
*-l625-A 
I-1626-A 

*-1^7^ 
»-l62S-A 
I-1629-A 
I-1630-A 
1-1631 -A 
T-1612-A 


I-1633-A 
t-l63''-A 


»-l63li 
I-1635-A 
T-1636-A 
I-l^^-A 


t-l63g-A 
T-1639-A 
I-l5ltO-A 
I-l61»l-A 

1-16 1*?-^. 


T-16U3-A 
'e-x6itit-A 
t-l6i*5-A 

t-l»lt4.A 
T-l6»7-A 


I-l61*8-A 
t-i6U9-A 
I-1650-A 
I-1651-A 


IL.1653-A 

t-1655-A 
*-i65&-A 

'^if^T-A 


T-165»-A 
T-1659-A 
I-1660-A 
T-1661JI 

T-1662-A 
T-166VJ^ 

T-lb6S-A 

T-1665-A 
T-1666-A 
T-1667-A 


T-lbbS-A 

1-1669^ 
t-1670-A 
T.1671-A 

I-1672-A 
T-1675-A 
t-167'1-'^ 
»-l675-A 
»-l676-A 
T-1677-A 


I-lb78-A 
1-1679-A 
t-l68».A 
V>l681.^ 
I-l6g2-A 


1-Ibg1-A 
t-l68t-A 
t.l&85-A 

r.i68&-A 
I-l6g7-A 


T-l&6g-A 
T-l6«9-A 

T-1690-A 

1-169 1-A 

»-l6q2-A 


1-169  VA 
T-l^lt-A 

«-l695-A 

■^-1696-1 

'-1»)7-A 


T.lb98-A 

I-1699-A 

1-1700-A 

:'-l7oi-A 

.-1702-A 


-1703-A 

T-170'»-A 

h-1705-A 


1,818,097 
1,817,722 
1,818,165 
1,817.603 
l-il8.'*51 


1.81'. 535 
1,817,650 

.1.818,678 
1,818,517 
1  818:866 
l,gl8,l*2b 
1,818,71*5 

1,816.105 
1.816.566 

1.817.801 
1.816,851 
1,816,90'* 
l.SlU.Ull 

l.gli*,666 
1-81}*  .931 
1.81*l.7''9 
l,8ll»,36o 

l,8l|,2l*8 
l,8lU.860 
1.611t.928 


1,815  012 

1,811*,995 
1.815,213 
l,815,'*«l 
1-815.512 
1.81»,578 
1,81'»,206 
1,81'*,070 
1,815.362 
1  81^2if» 
l,8llt.269 
l.gl't,681 
l,glU.906 
1,81'*. 690 
1,81'*,!*''^ 


1,811*, 1*73 

1.81 '♦,926 
1. 81'*. 616 

1,S15,0'*9 


1,817,662 

1,817,763 

1,818,198 
1,817.872 
1-818.299 


1,818,1*17 
1.817,981 
1,818,518 
1.818.082 
1   818.161 


1,818,210 
1,818,619 
1,818,720 
1.818. 809 
l-818.p02 
1.818.1*01 
1.818,300 
1.818.199 
1.816,081 
1.817 .960 


1.817,880 
1,817,795 
1,817,711 
1,617,106 
1.817.005 
1,816,702 
1,816,500 
1,816,296 
1,616,197 
1.816.096 


1,815,995 
l,615.S9'» 
1,815,798 
1,816,016 
1-81S.&>2 


1,815.991 

1.815,809 
1,815.700 
1,815.*62 
1-81S.407 


l,815,3»9 
1,815.31'* 
1,815.096 
1,815.263 

l-8lfc.579 


r,gi$i 

1.81U.377 
1.81>t.309 
.1,H*,302 

1.81>*.'I2U 


l.n».'»65 
I.8IU.955 
1.81'*.739 
1,815.078 

lanV^i* 


1,815,200 

1.815,323 
1.815.'*'*5 


386,809 
387,363 
37'*,52'* 
37 ''.598 
377.297 


377.592 
377.868 
36't,598 
36'».778 
365.028 


363.950 

367.230 
167. fet 


56K609 
368,019 

367 .981 

56g,2'*0 
^8-516 


352,9't- 
362,675 
362,597 
368.260 
^6o"9^'*6 


|60,8l*8 
361,036 
359.959 
359 .9» 


359.8  . 
359.861 
359.16'* 
359.27't 
38^.fti4 


383>3 
58U,23* 
38't,l6o 
38'*. 875 
_38!lI5L_ 
}g5.'*'*l 
365,516 
386.033 
386,107 

«^-»>; 

366,856 
386. 62U 
387*216 
387.736 

366^661 
366,070 
3«5.'»76 
38U,768 
38U.IW 
383.605 
383.113 
382,620 
379.071 
_5I8j56fi_ 


375,705 

375.522 
37'*,3» 
373.71*8 
_Jlili5l_ 
372.5i5 
371.?7'i 
371. '•12 
371,375 
^0-7Sl 


370.199 
370,162 
369.521 
J69,559 


369.016 
368.573 
366.610 
368,277 

JZuiosg 
363,062 

362,668 
361.77"* 

361.117 


.0.991 
358. 6Ui 
356,596 

358.051* 

Ti8.099 


357,1*67 
366,879 
356,292 


176.T 
180. 3 
197.2 
lil.5 

-m- 

189.9 
220.9 
220.1 

225.7 
221*.  5 
220.9 
219.9 
20U.3 
201.3 
262.1 
199.1* 
200.5 

ao.3 

_ma_ 


216.9 
217.6 
217.1* 
199.1 

ai&.i 


216.2 
220.7 
?27.9 
225.8 

-fitf- 
226.5 

225.8 
227.1* 
t86.3 


183.2 

183.'! 
186.1* 
182.9 
18U.6 


179.0 
17&.5 
178.9 
178.1 

17'i.l 


157.5 
179.6 
179-3 
156.1 
l-y-I 


177.2 
177.7 
171-2 

18"*. 2 

»5.^ 


185.3 
182.7 
172.6 
186. 3 
188.6 


197.5 
216.0 
192.6 
195.0 
201.1 
200. b 
202.1 
201.3 
203.0 
187.9 


192.1 
199.8 
200.3 

189.6 
197.3 


197.1 
197.1* 
197.0 
197.7 
-2154- 


217. 

219-7 

216.9 

21'*.l* 


216.6 
226.3 
226.3 
226.6 
227.  H 


228.2 
229/2 


FILE  NQ  MC-A-2/2 
PLATE    3n-2 


StUI  Boll 
■o. 


ST  IA¥HSKCI  BITXS  FBQJICT 
LOIK)  SmU!   CUAL 
IBILL  dOLIS,   AUlilB  BOKiMSS  1  HAND  PRQBIIOS 
VITB  rJMSnS  OtDUIXB  THAI  IJOO 

SrUl  Bole 
Ho. 


»-i;oo-» 

i,«l6.o(»i 

350.337 

228.9 

1-1707-A 

1.S15,700 

356,151 

a8.7 

1-1708-A 

1,815,>(71 

356,169 

a5.8 

J-1709-A 

1,815, 28U 

355,982 

ao,7 

T-1710-A 

1.S15.110 

158.980 

226.5 

T-17U-A 

1.8lU,g9U 

33».955 

226.2 

I-1712-A 

t,81't,b78 

358,898 

225.5 

I-I7I3-A 
I-171'i-A 

1.5lU,5U5 

5S.526 

224.1 

l,8lU.76i 

1^:111 

225.8 

T-171S-A 

l.SlU.978 

226.9 

T-171b-A 

l,SlH.o28 

360,208 

?31.5 

T-I7IJ-A 

l,81'»,506 

363, 3H 

aa.i 

T-17lf^ 

x,n».857 

367.033 

208.8 

T-1719-A 

1.R5.17S 

367.784 

203.1 

I.1720-A 

l.ii^.^9* 

36«.l4l 

207.1 

TUlja-A 

1,815, bl7 

hx.Ui 

197.9 

M722-A 

1.815,735 

572.356 

204.8 

*-172>-A 

1.81S.953 

372.319 

200.5 

T-172't-A 

1,816,171 

372,«82 

205.4 

T-172'i-A 

1.816.2« 

372. o7b 

201.9 

I-172&-A 

1,816,020 

372.713 

201.2 

1N-1727-A 

1,815,803 

i,ai5,9ou 

372.750 

206.6 

i-mt-t. 

373.342 
374,032 

200,2 

I-I7a9-A 

i.n.».ou 

194.9 

I-17T0-A 

1.810.239 

373.994 

195.7 

T-I75I-A 

l,81b,«*57 

373.957 

203.1 

T-1732-A 

1. 816. 357 

374,684 

195.'* 

T-1733-A 
T-173it-A 

1.810,608 

374.844 

195.6 

1,816,970 

376,964 

191.9 

1-17 -(VA 

1.816.752 

177.001 

195.5 

».1736-A 

1.816,531* 

377.038 

198.9 

I-1737-A 

1,816,627 

377.580 

196.3 

T-i73e-A 

1,?17,063 

377.506 

189.6 

1-1739-1 
J.17iw-A 

1.117,180 

378,196 

187.2 

1.816.961 

378.211 

188.6 

T-17'»l-A 

I,si6,7't5 

378.270 

192.0 

T.17l*2-A 

1.810,938 

379.404 

201.6 

•t-17'tVA 

'r-17'tS-* 

i.nr.oy 

1,817,2M9 

3J9.946 

192.6 

379.909 

186. 7 

1.1 7  W^ 

1.817.1S8 

180. -iSO 

191.8 

t-17't6-A 

l,817,llW 

380,587 

202.9 

T-17U7-A 

1.817,3l»2 
1,817, '•26 

381,770 

189.6 

T-i7>ie-A 

382,263 

197.8 

t-iT*)-^ 

l,ol/,6W» 

382, 2E5 

181.2 

T.1750-> 

1,617,862 

382.188 

179.0 

T-1751-A 

1.817,971 

382,829 

185.8 

I-1752-A 

1.817,753 

382,866 

179.5 

I-175>A 
T-175'*-A 

1.617. 536 

382,903 

X71.9 

1,«17,$» 

383.347 

168.5 

i'-lTSSJ^ 

1.817.829 

183. 110 

185.0 

T-1756- 

1.818,0U7 

383.273 

18^2 

i>-1757- 

l-,813.775 

360,205 

222.7 

»-l758- 

1.813,U25 

357,776  . 

237.8 

B-1759 

1,812,646 

355,22'' 

253-0 

u-1760- 

1.812.180 

1>>4.047 

?w.6 

i>-176l- 

1,811,791 

351,448 

223.6 

1>.1762- 

1,811,621 

350,701 

255-0 

^Vjtt 

l,Sll,U45 

349.924 

259.5 

i.ntteji 

5'«.36i 

228.1 

i>-17(>5- 

1,810,829 

347,206 

2^*1-3 

iH766- 

1,810.567 

346,050 

243.6 

K-1767- 

1.808,598 

337.344 

225.8 

S-176S- 

1,803,U3U 

336,505 

228.3 

a-1769- 

1.I508.J20 

IIS. 912 

PP9.7 

I>1770- 

1,809,638 

3'e,i73 

226.7 

0  17  a 

i.li^.i^ 

543.148 

229.4 

-1(72 

1.610,0Bt» 

3^3,851 

235-2 

i  1773 
B1775 

1,810,241 

344. bU 

232.8 

1.818.340 

18^.577 

187.9 

B  1775 

1, 618, lit 

383,402 

186.7 

i'1770 

l.olS,149 

585,009 

I86.9 

"1777 

l,al8,183 

383,800 

187.0 

"  1778 

1,618.24? 

384,182 

186.6 

-  177» 

1.616.275 

384.348 

186.1 

iJ  1780 

1.016,301 

584,496 

185.4 

S  17151 

1,818,343 

381*,  742 

184.8 

B  1782 

1.818,372 
1.818,410 

384,921 

184.3 

iJ  1783 

385,157 

182.3 

D17gU 

1.817.^1 

381.492 

171.0 

D  17«5 

1,817.627 

383,699 

181.8 

1)  1786 

1,817,430 

383,735 

166. 2 

D  1787 

1,817,662 

585.906 

I83.O 

D  1788 

1,817,694 

384,094 

I83.C 

S  1789 

1.817.726 

384.281 

m.p 

D  1790 

1,817,753 

384,439 

133.0 

B  1791 

1.817,778 

384,586 

182.9 

B  1792 

,       1,817,820 

384.833 

182.7 

DI793 
D  179lt 

1.817.851 

395.010 

182.7 

1.817.225 

185.270 

171.4 

D1795 

1,817,040 

385.050 

175.9 

B  1796 

1,817,185 

385,810 
585, *70 

157-1 

c  137 

l,81o,Bf0 

170.5 

B  l»8 


jLizaa 

•-1W0-A 

1.814,l4« 

360.349 

Cancfil  1  Id 

215.5 

T-1801.A 

1,814,126 

360.751 

ao.o 

1-1802-A 

1.314,120 

560.722 

a6.8 

T-lg03-A 
I-iisq!La 

1.313,306 

560.605 

a6.2 

1,811  oOl 

160,  41S 

r\f..i 

p  1805 

1.813.58* 

360.069 

223.4 

p  1806 

I.SI3.8OO 

560.315 

223.1 

T-1S07-A 

1.813,371 

360,069 

223.4 

' 

L 

nentloB 

T-18O8-A 

1.813,756 

36o,U7 

222.1 

T.IS09-A 

1,813,540 

360.166 

219.9 

f-1810-A 

l.813.9''9 

359.971 

2a. 7 

I-1811-A 

.813.73'* 

360,020 

220.3 

T-1812-A 

..a3.518 

360.069 

218.9 

'■■-IglT-A 
1-1814-A 

l,813,'*51 

359,77b 

217.3 

■,813.667 

359.727 

as. 5 

I-IBI5-A 

1.813.883 

559.679 

220i2 

T-I8I6.A 

.813.839 

359. ''83 

2a-6 

T-1817-A 

..311.621 

159.512 

219.4 

T-1S18-A 

l,813,a7 

359.18b 

223-2 

T-I8I9-A 

1,313,601 

359, >35 

220.8 

T-1820-A 

1,813,386 

559, 48** 

21«.<; 

T.18a-A 

1.813.552 

359.357 

a9.6 

T-182a-A 

L. 811. 119 

159.191 

221.8 

T-1821-A 

1,813,535 

359,1''2 

225.2 

I-1824.--. 

1,813.750 

359.095 

228.6 

»-1825- 

1,813,468 

358.850 

232-5 

P  1826 

1,813.253 

358.898 

227.6 

P  1827 

1.813.402 

158.557 

211.6 

P  1828 

1.313,187 

558,60^ 

230.2 

P  1829 

1.813.J36 

358.264 

239-1 

P  I83O 

1.313.120 

358,313 

23b.  2 

P  1831 

1.813,269 

357,972 

238.8 

P  1832 

L. 811. 054 

158. oa 

212.0 

P  1833 

1,813.203 

556,679 

236.1 

P  I834 

1,812,988 

557,728 

233-6 
2»5.0 

p  1835 

1.813.137 

556.187 

257.436 

P  1836 

1,812,9a 

245.4 

P  1817 

..811.071 

156.094 

229.5 

P  1838 

1,813,28b 

557,  oW 

228.2 

F-1839-A 

1,813,264 

55b.94« 

224.6 

T-lg40-A 

1,813,048 

556,997 

225.7 

T-1841-A 

.,812,833 

557.046 

226.3 

T-1842..A 

un3.e26 

156.899 

221.8 

*--1843J. 

1,812,789 
1,813,004 

556,850 

221.0 

1-1844-^ 

356,802 

219.7 

I'-1845-A 

1,813,220 

356,755 

222.0 

T-1846-A 

1,812,767 

556,755 
15D.704 

220.9 
221.4 

T-1847.A 

..812^982 

T-184S.A 

1,813,198 

556*655 

225.9 

P-1849 

1,813,153 

350,460 

250.0 

T-1850-A 

.,812,938 

356. 509 

228.7 

T-lg51.A 

.812,722 

556,558 

225.0 

T-18')2-A 

.,812,6«i6 

i«i6,?6^ 

J?7.U 

P  1853 

1,812,872 

356,  a6 

257-3 

P  1854 

1.813,087 

556,168 

236.0 

P  1855 

.,8i3.oa 

555.875 

257.2 

P  1856 

1,812,805 

555.924 

255-3 

P  1857 

..812.590 

355.973 

229.5 

P  1858 

l,a2,954 

355,582 

249.3 

P  1859 

1,812,739 

355.631 

247.0 

P  I860 

•  ,812,673 

555.339 

250.5 

P  I861 

1,312,457 

355.388 

247.7 

P    18fc> 

,81?,1Q1 

IhS.OQS 

PSl-S 

P    I863 

P  1864 

1,812,606 

355,046 

255-7 

L, 812, 540 

354.754 

251-5 

P  1865 

1,812,324 
L. 812. 496 

354.802 

249.0 

P  1866 

154.  S'M 

?42..? 

P  1867 

1,812,689 

354,412 

243.J 

P  1868 

,312,463 

354,412 

245.8 

P  I869 

1,812,407 

354,168 

245.5 

P  1870 

.,812,623 

554,120 

240.4 

P  1871 

1.812.141 

151.876 

217.0 

P  1872 

1,812,556 

555,827 

230.1 

P  1873 

.812,275 

555.585 

231.4 

I-1874-A 

1,812,445 

555.545 

226.4 

I-1875-A 

1,812.490 

355.534 

2U.8 

I-1S76-A 

..812.125 

151.572 

22Q,g 

I-1877-A 

1,812.255 

555. '«o 

227-5 

P  1878 

1.812,106 

553,519 

230.4 

p  1879 

1,811,993 

353.34c 

230.0 

T-1880-A 

1,812,090 

353,311 

227.2 

T-1881-A 

.812.208 

1S1'.29. 

??4.4 

T-lg82-A 

L, 811, 960 

353,19 

226.2 

t-188}-A 

,811,641 

351, 78S 

228.2 

1-1884.^ 

1,811,836 

351.647 

226.2 

T-I885.JI 

,812,051 

351,599 

227.2 

T-1886.A 

L, 312,01? 

ISI , 421 

P2Q.R 

T-1837-A 

L, 811, 572 

351.482 

224.7 

T-188S-A 

1,811,788 

351.438 

222.0 

T-18g9-A 

L, 811, 777 

551,389 

a8.? 

P  1890 

L, 811, 551 

351,389 

a:. 8 

P  1891 

.811.527 

151.381 

221-2 

P  1892 

1,811,744 

351.241 

351,194 

223.7 

P  1891 
P  1«4 

1,811,960 

226.4 

,8U,678 

350,950 

259.0 

P  1895 

L, 811, 611 

350,658 

i53-3 

P  1896 

L. 811.545 

150. 165 

2S4.0 

P  1897                        1 

,811,479 
,811,414 

350,072 

256.8 

P  1898                         1 

549.785 

249.4 
264.6 

P  1899 

.811,197 

349.830 

p  1900 

t. 811, 159 

5''9.663 

255.0 

p  1901 

.811.185 

348.776 

ai.1 

p  1902 

,811,400 

Jhs'.'lh 

228.4 

P  1901 
p  1904 

1,811,341 

348,463 

232.6     • 

,811,125 

348,512 

222.9 
228.4 

P  1905 

.810,976 

348,258 

P  1906 

.811.05? 

348.  a9 

211.6 

P  1907                        1 

,811,274 

548,170 

242.1 

P  19O8                        I 

.811,208 

547.878 

241.6 

P  1909                        1 

,310,992 

547,927 

235-1 

P  1910                        1 

,U0,836 

5''7.927 

235-1 

FILE  NO.  MC-A-2/3 
PLATE  ni-3 


ST.   UVKENCI  BI7SB  PBCJECT 
LOBS  St.ULT   ONU. 
SBILL  BOLXS,    OSSSB.  BOEINaS,  &  BUm  F80SIS0S 


SrUl  Bol. 

Ho. 

Coorilliiatei 

Drill  Sola 

Coordlnat** 

H 

X 

ntTstlon 

Ho. 

11 

I 

£lermtloD 

P  1911 

1,010,710 

3''7,b«3 
3'*7,e>3'* 
3'*7,585 

227.6 

1-19  65-A 

1.809,865 

3'»2,953 
34c;,9o4 
342,612 

225.9 

f  19X2 
PI9I3 

1,410,926 
l,gll,l>t2 

aiio.u 

1-19  66-A 
1-1967-A 

1.810,080 
1,81C,014 

233.5 
229.7 
224.6 

p  m^ 

1.810.860 

3'«7,3'a 

»-19i«-A 

1.809,799 

342,660 

p  101  «i 

1.810,61* 

■ikl  ,  -MO 

pv;.* 

T-  iq6q-j. 

1  800  sai 

142. 70q 

218.2 

p  1916 

1,810,578 

3'*7*OT9 

232.2 

P  1970 

1,809.517 

342,417 

219.3 

p  1917 

1,810,793 

2J6.1 

P  1971 

1.809.732 

342,368 

225.8 

p  191« 

1,810, 847 

31*6,832 

ajU.i* 

P  1972 

1,809,946 

342.319 

230.4 

T-1919-A 

I.SIO.BW 

i.ao,5i2 

3^,«5H 

2J2-2 

PI973 
P  1974 

1.809,876 

342.002 

223.7 

T-1920-A 

31*6.805 

230.2 
228.5 

l.80q.6«l 

142.144 

226.2 

T-19a-A 

p  1975 

1.809.I88 

339.969 

216.4 

T-192?-i 

1,810,727 

3'*S,756 

233.7 

P  1976 

1,8C9,U03 

339,915 

38.2 

P  1923 
P  19211 

1,510.802 

31*6,637 

237.1 

P  1977 

1,809,136 

339,621 

217.5 

1,510,705 

3^.659 

234.3 

P  1978 

1.8C9,i22 

339,676 

216.9 

T-iq2VA 

1.810.U89 

31*6.708 

22q.6 

I-M79-A 

l.SCS.'il? 

118. oq5 

226.6 

P  1926 

l.aio,Uit5 

31^,513 

232.8 

T-1980-A 

1,(«8.471 

337,804 

228.1 

P  1927 

1,810,660 

}i46,U6u 

^.0 

T-1981-A 

1.808.686 

337,755 

ea.2 

P  192« 

1,810,876 

31*6,1*15 

1-19  8  2-A 

1.808.405 

337,511 

231.9 

p  1929 

1.310,379 

3U6,220 

Z38.1 

T-1983-A 

1.808,621 

337,467 

225.5 

P  WW 

1.810.59^ 
1,^0,528 

V*6.171 
345,879 

24l.q 
244.0 

I-iq84.^ 

1.808. SI'S 

117.418 

216.  ■) 

P  1931 

1-19 85-* 

1,808.770 

337,126 

a9.o 

P  1932 

1,810,313 

345,928 

235.5 

T-1986-A 

1,808.555 

337,175 

226.3 

P  1933 

1,810. 2146 

545.635 

231.9 

T-19g7-A 

l.i<0-,337 

317,214 

228.6 

P  1931* 

l,810,Uo2 

345.586 

234.7 

T-I988-A 

1,808.295 

3-7,028 

233.0 

P  J.9W 

1.810.677 

I4s.'i17 

216.8 

T-iom-A 

116, qao 

227. q 

T-1936^ 

1,810,655 

345,41*0 

232.3 

1.1990-A 

1.808. 726 

356.961 

221.2 

T-I937-A 

1,810,W40 

345,489 

231.1 

T-1991-A 

1,508. 704 
1,808.489 

336.833 

224.J 
228.f 

T-1938-* 

1,810,22't 

31*5, 53« 

22U.7 

T-1992-A 

336,882 

T-1939-A 

l,810,lt2U 

345,420 

223.0 

T-1993-A 

1,308,273 

3^6,931 

232.9 

T-WUO-A 

1.810.180 
1,810.395 

345.294 
345.245 

228.6 
229.7 

P    laqli 

1,R0(!,?06 

116, 6n 

21ii.2 

T-lgltl-A 

p  1995 

1,308,421 

356,535 

231.0 

T-19U2-A 

l,sio,6ii 

231.2 

p  1996 

1,808,638 

536,541 

2?7.l 

T-I9U3-A 

1, 810,545 

344.952 

231.7 

p  1997 

1, SOS, 571 

336,248 

217.4 

I-l^ift-A 

1,810,329 

3'*5,0Ol 

230.9 

1-1998-0 

1,808.355 

336,292 

222.0 

T.19U&^ 

l.SlO.llU 
1,810,0'*7 

54^.050 
344,757 

2T1.6 

231.9 

Ii.l*)Q-A 

i.soa.iw 

116.141 

228.7 

S  2000 

1.817,010 

365,330 

210.7 

T.19U7^ 

1.610,263 

344. 708 
344,660 

233.2 

D  2001- 

1,816,840 

363.252 

212.2 

T-igUg-t 

1.810,1*78 

2?4.7 
234.0 

D  2002 

1,817,090 

363,200 

221.6 

T-19U9-A 

1,810,1*12 

3W*,J67 
344.1*16 

D  2001 

1,817,180 

363,410 

208.9 

1-19  SO-A 

1.810. 196 

211.0 

'  P  ?004 

1,316,90^ 

161, soo 

2iq.6 

M^il«> 

1.805',^81 

544;  4b5 

231.6 

B  2005 

1.316,195 

364.805 

a5.2 

I-1952-A 

1.809.915 

344.172 

230.6 

D  2006 

1,516,080 

365.170 

ao.o 

t-i95W 

t-l95U_A 

1.810,110 
l,810,5!i6 

344.123 

232.4 

»  2007 

1,315,890 

365.335 

222.9 

344.074 

231.5 

D  2008 

1,812,828 

358.967 

ab.e 

T-l<)^^ 

T-1956-A 

1.810.279 
1,810,061* 

343,831 

233.1 

233.2 

I  ?ooq 

1.812.610 

159.240 

a4.9 

D  2610 

1,812,395 

559.550 

a5.o 

T-195J-A 

1,809,31*8 

343. 880 

231.2 

D  2011 

1,^2. 160 

359,960 

214.8 

T-l95e-A 

1,809,812 

3^3.5*0 

228.1 

B  2012 

1.811,195 

551.435 

a5.9 

1.1959^ 

1,809,997 

343,538 

233-5 

D  2011 
D2014 

1,811.?05 

352,455 

226.2 

■i'-Mfo-A 

l.?10.2U 
1.810.1**7 

543.489 
343.197 
343.246 

233.8 

1.812.100 

156.165 

a9.7 

t-l96l-A 

D  2015 

1,812,440 

357.080 

222.8 

»-X96^J 

1,809,931 

212.9 

D  2016 

1, '10,531 

365,535 

209.2 

I-1903-A 
T-196IUA 

1,809,790 

3^3,278 

2£2.9 

D  2017 

l,Sl6.8b5 

365,510 

211.4 

1,809,61*9 

343,002 

218.1 

D  2018 

1. 816.975 

J65.925 

206.8 

FILE  NO.  MC-A-2/4 
PLATE  HI -4 


WAR  DEPARTMENT 


CORPS  OF  ENGJNEERS.    U.  S.  ARWY 


PLATE  BI-5 


WAR  DEPARTMENT 


CORPS  OF  ENGINEERS.   U.  S.  ARMY 


PLATE  1II-6 


^ 


^ 


Dl 

( 

N 


WAR  DEPARTMENT 


CORPS  OF  ENGINEERS.   U.  S.  ARMY 

V 

1.^ 


PLATE  III-7 


WAR  DEPARTMENT 


CORPS  OF  ENGINEERS.   U.  S.  ARMY 


PLATE    NO.    m-S 


WAR     DEPARTMENT 


CORPS   OF  ENGINEERS.     U  S  ARMY 


PLATE   in-9 


DEPARTMENT 


CORPS    OF    ENGINEERS,      U   S  ARMY 


PLATE  m 


WAR      DEPARTMENT 


CORPS    OF   tNCINEERS       U.  S.  ARMY 


Location  of  subsuiioee  txpforation 

•  Dr. 

A      G 

^    Or///   Ho/0  </■  'ltd  sine*  Oct  1940 
■       r§Mt  Pfit 
R        Dttwttt    Rock  Eltvelion. 
Nfi*    Dtnot»t  boffem   t/tvatlon     of  Hah 
not  anUta  lo  ffac* 
#  T.._a  Dfnolti   Augtr  He/9. 


+- 


GENERAL    A/07ES 

^>'qpg/-/>'  L/'^^s    jA©*v^^    -^usj - 

Mm^-cator-    ^ncucc/'O^    for    A/ff*v  VorA-  ^a^f 
Eltvatiofis    conform  fo  U S G  S  dolom.-(k/.SJ-,l9ISa<lj.) 
Locat  nr:  -f  Hoita    drilltd  sine*  Oct  1940 
o.    •...it'    "IT   survey. 


ST  LAWRENCE     RIVER    PROJECT 

LONG     SAULT    CANAL 
PLAN    OF   BORINGS   A    PROBINGS 

STAl  485*  25    TO  STA.  534"t-70 


PLATE      m-ll 


WAR  DEPARTMENT 


CORPS  OF  ENGINEERS.    U.  S.  ARMY 


PLATE  III-I2 


WAR     DEPARTMENT 


CORPS    OF   ENGINEERS.     U.S. ARMY 


aENeHAL  NOTES: 

TopOfrsphy    frac^d    frotr,    /PoS3    ^vr^^y  Afa/>1 
^•K/j**/   /o     Jo^   /,  /9XJ.    Contour    inter  w/-£  S 

Property  L  intts     ^/lOt^n   thus 

CoortfinoM    ^ysfvm /J  U^C  &C'3     Trarf3 

Mercafor  Projection  for  A/^*v  YorA  -£a.3t 
CKplorahon  i-o  conform  tn  U.-S.&S.Oaf-um. 
'•o€mflOn  of  £Mp/orotK>n  obtoined  bySurtcy 


ST  LAWRENCE     RIVER    PROJECT 

LONG    SAULT  CANAL 

PLAN  OF  EXPLORATION 

DIKE         NO.    5 


IN  4<  WEtTi  aWET  N0.»» 


SCALE  I  IK* 200  FT. 


J  S    ENGINEER   OrriCE  .  MASSEKA.HEWYORR         FEBHUARV,         N42 


i.    j««      riLE    NO.     o  /       " 

.„--     MC-A-VI2 


PLATE-3II-I3 


WAR     DEPARTMENT 


CORPS    OF   ENGINEERS       US    ARMY 


44i>^ 


PLATE   NO.  Iir-l4 


WAR      DCPARTMCNT 


CORPO  OrrNGINCCRS.US.^^RMr 


D-IOGS 


DI070 


D-f07l 


Gra/ish  -  broivn.  fatrl/  fooj€, 
^h^hN/  sa/x^/,  c/a^/.  -SfL  T 

L 
Graf,  fair// /oo-ie,  jh^hf/y 
grav^e//y,  Ji/f/,  JA^O 

Gro/,  con7ptac  f- arai^ff///, 
Stfry^  SAND 


G  ra/,  compoc^s/f9*?^/y 


DOLOM/TfT,  dorM  <yray_ 
hard  fu£  w  j/77e>//  Dcefj 
of  sho/s.  Broken  afon^ 
60"  jOfnf  and  occaj/on-  4^ 
CU220  0/  par//rtg.  No  /r>d>caf/on 
1  of  tvea fhermy 
Core  recot^^rji'  S^S'^a 


Soft,  grofish-bfown,  sh^ht- 
^Ij  c'oye^_  soriOy  SILT 


Soff^  ^ney, si/fy, CLAY. 


Soft  gre^uh-^ttrown  sh^fly 
V^\ — |f"«f,  c/ofe/.jondy  ar»d  graye/// 


f"«f.  c/o/eVjondy  arid  grai^/// 

\SAND. 
dolomite:  mferbedded  ¥Y'f 
3hole.  retv  jmoll  broken 
and  Ahghtly   weathered 
zorifs     f"  gypjurri    cryjfol 
of  o  depth  of  75.  &: 
Core    recovery  873 'A) 


n 


D-t/Z5 


Soff  slidhtly  3ondy  CLAY      "^ 
ond  SILT. 


Compact;  arey,  clayey, 
jf'^r}f/y  orot^e'/y  ana 
■sandy  SILT.   Occo3ionof 
boulderj    and  cobbles 


dolomite:,  r^,th    few  thm 

beds  of  shale  and  some 

i^ypsurr}.  Occasional  fwolfi- 

ered  and  sf'yhtfy  broken 

zones. 

Core  recoirery  9A.a  5fi 


,.,^.    Soft orown. sandy  CLAY 

"-™n  a'^d  Silt 

Compact: browvr},  <yravelfy 
,  and  si/fy,  sl'^f>tlyc/ayo/ 
n  SAND,  irvith  occasional 
I  t)Oi/lderj   and  cobblas 

Compact  ^^^y,  slifhtly  clay- 
ey ^roirel/y  and  sondy 
3lLXir<fith  occetsionol 
cobbles   and  boolders 


DOLOtdlTE:  interbedded 
tvifh  .sho/e  fetv  jma// 
SolutfO'^  comities    ond 
I  slightly  weathered  zories 

Core    recovery  95 5% 


n,-^r»    Soft  grey,  sh^hflyjandf. 
^^^silty  CLAY 

Soft,  grey  slifh*ly  j,lty 


Compact,  grey,  slightly 
aiii^Clay^,  gnairefl/  SAt^D  and 

Cor»ipact,grmy,sfifhf/y  s,lfy 
grayrlly  SANQ  »ith  few 
bouldmr  fra^/nerjfj. 
DOLOMITE^  inter  bedded 
i¥ifh  shole  &roken  afong 
occasional  partings.  Eepv 
•srryoll  caicite   filled  Caf- 
ties  f?ock  opporantly 

d  and  unrver^ffiered. 
Core  recovery  90.e>  % 


QMM 


Soft  brownish  grey  sfightly 
sondy.  clayey  SILT 


Very  soft.grwy.CLAY,  With 
blac/i   or^ntc    mot/er 


Soft  grey.  CLAY 

DOLOf^iTC.irtferbedded 
with  state,  ftwjmall  cokife 
fitted  cot^itiei  Modeiatv/y 
brefren,  sl/ghf/y  weathered 
-  Core  /ecorery  se.ix 


Soft,  browrtiih^  sli^f/y  sandy 


.Ar 


Si'fhtfy  Si/fy  CLA 


Very  soft,  grey  CLAY 


\  iotf  grey  s/ighf/y  sandy, 

I  Sli^hf/r  jilfy.  CLAY, 

Soft,  brown,  s/ifh  fly  clayey 
s/ifhf/y  grvire/iyr  ji/fy  SANi 


D0LOMir£,witt>  occajiena/    fhin 
bed  of  shole  Few  ca/r/fe  string- 
erj    and  /-ffle  p/nfe  Srotren 
along  occajiona/  unwea/Acred 

Core   recovery  33  y(. 


DdMl 


D-//43 


D-//44 


0-1145 


D-ii4e 


D-II47 


D-H43 


D-//43 


Soft,  varying.  brorvnuA  grey 
to  dork  grey  CLAY 


^  Coinpocf.grey.s/ighffjr 

clayey  C3r?d  sfignf/y  grotie/fy' 
X^ANp. 

DOLO/^lT£  -nterbedded 
_  wifh  sho/e  NLrmerous    caf- 
\c/fe  .stringerj  and  co/cife 

f///ed  crofifies.  ferv  t>rokt./j, 
I  slight /y  ¥veof/>ered  seams. 

Core  recover/  BOsym 


Soft.  brotvrtisfi-grey.j/ig/}f/y 
sandy  CLAY  orKf.5/17^ 

-■-,* 

nicat.  Joff.grey  CI  AY 

^  Compacf,  grey  shfhf/y 
~~\grave/fy.  s/igtifly sandy 
\si/fv.  eft  AY  ^ 

Very  compocfgrey  j/i^hf/y 
i_  c/a/e/,  s/ighf/y  jilt/,^roye//y  ^ 


Saf-t,  grey  CLAY 


ao  £1.  '36: 


So^f,  ^ret/   CLAY 


ILiStk^Fairiy  compact,  browniaf 


ti  trtJ 

.... .  Loose,  browri  qroYelly. 
^^^'^iiltv   SAND 


Fairly  compact,  gr-ey, 
gravelly.  Very  3iffy 
5  AND 


1  slightly   si/fy    SANL 
rCompocf,  greyish- t^v**^^ 
]  S>/f^   gnv^/tif   SANO 


Compact,  grey.  sf/gt^Ha 

Snro    -to  sil-tu,  arpvciTu 


ITU     ■ 
AUD 


Very  compocf  orey 
■s/tyftf/y .yroveffy    to 

grortl/y    SAA/D 


^  firm,  bra  tv/J  stity  CLA  Y 


Soff.  gray  CLAY 


Jin. 


-'-"^fJ^jS""^- 


ulfy.  gra^e//y       sio 


-npocf  fo  very  corrtpocf  jft^  ■-■ 
j//Ax  gravelly,  -SAND 


I  Hi  a 


sz± 


L IMESTONE,  rvi  th  occ  as 
^LUUk^ona/  bed  of  sfiO/e.Num- 

erous  small,  ff /florid  jf.^ 
por/ial/y  fi//ed.  colcife 
satiation  CQvit'SS.  /Pock 

broken  one^  si»gfi^fy 
_weofherad. 

SHAL  £,  block,  tfroken         ^^ 
o/ong  Qccasiono/ partings 
/Vo  indi'caf'on  of  kveaffiering 


"Sat 


Soft  brown,  silty  CI  AY 
Soff,  brown  s/ightly  sandy 
r.n,,    ^i/fYCLAY' 


iMUjJrlM^ 


^3  -Soft  groy.s/ightiy  silfy,  grave/- 


DOLOfdlTE^  broken  a/ona 
occasiona/  shctfy    parffngt. 
Occosiona/  ffjin  Ded  of  sna/e 
Pocfi  appa/enffy  sbtvnd  and 


WASHED  SA/^Pl£5,apparen 
■    ly  a  silty  grave/ fy  J  AND 
I  Cornpacf,  Orey  s/ighf/y  Si/ty 
\<praQe//y  JA/VO 
Mi.ui.a  WAStfED  SAMPLES,  apparent- 
I  ly  pray.  iyra^e///,.si/fy  JAA/D 
Cornpacf,  gray,  s/ighf/y<./ayeti 
_  JLUiX^siigAf/y  grave///,  silty  SAfJb 
DOLO/d/TE  with  occasional 
thin  bed  and  occas/onaf  /" 
bed  of  0/cfck  sho/e  Conjidei 
able    solufior7  and  ca/cife 
rep/acsmenf  thraughouf.  /the 
modero/ely  broken  and t/ri 
weafhered 


—  'j^rn 


Core  recover/  S6  % 


D-//50 


Iocs  9.  browa,  5/1  TfSAfiD 
J 

Cornpacf.  Srowrj.  s/ifhf/y 
frwve//y, Ji/fy.  3AND- 

rair/y  'cornpacf.  frey, 
_  aj^a^^s/iehf/:fgrwe//irSf//y.  SAS-Q 

j|       tL&yJli  /^ir/y  camfi^rf.  irT>wn/sA 

frey.  s/if/tf/y  frmvelly.  s/ifhtly 
J  Vsi/fy.JAND 
1    Compmc/.grey.  s//f/if/y 
!    9rmve//y,si/fy.SAffp. 
._^cc  tJfcrjfi/  Ms/MiCs 

Coff^^c^,  ffrey-  s/ig/if/y 

$rmvm//y,  Ji/fy  SArfD. 
M/meroi'S   Sotf/^ers 


JOJ  £i.il*4*    75"  oY/tack. 

'      "^  £>biOM/rE .  harW.  femis^/e 

6w^s-  Coas/efertt&/e  rft/cfe 
fArouiyfiOuf.  ^ack  vary  imd/y 
&roken  jrna'  s/iafj^/y 
uL£.    wemfAere^ 


D-II52 


D-IIS3 


D-II54. 


Core  recovery  S7.5^ 


\eU2S.7 


FaiHu  cotnf^cf,  brovm, 

Sllfifl  qravelly     SAiiO. 
Few  boulders  and  cobbles 


Compac  i,  gred,shgh-fly 
gravelly,  sil*y    SAnD- 
Few  boulders  anal  cobbles 


DOLOMITE,  dark  jreu.  hard 
Few  sirinaers    oF^S^O'e.- 
Broken      along   occasional 
partings       Passible    seam 
at  loftt.      ^ck   apparentla 
Sound- 


So-ft  brov/a,  slightly  J  andt 
silfy,  CLAY 


Softy  ^reu.  slighf/yjandy 


Compact^  gred  variable, 
gra^e/^y  Sf/fy  SAND 


Soff.  brown,  slightly  sandy 
s/'gt}tlyr clayey  S'LT. 


Very  soff,  j//ghf/y  jondy 
s/ighf/y  si/fy  CLAY 

foirfy  cor?jpoct  qreyshgh/l 
-    -l/y  silfy  SAND.  »*'■"■ 


a*  9' 


occtu/orfof  cobbles. 


Shqhfl^  silttj  etc.  denotes    appro m rriafe ly 
iyi>   ft2fl%    Ay    <yry    wei^tlf    oF3}lt;efk. 

Siifif,ef<r ,denotvz   vppotirT>af€/g  xW%  to 
40*/o  6g  dr<y  weigh*-    oF  Sllt,cfc. 

S'lt  and  sar]d,e7i:.,  denotes  ^ppro  jfirnafefr 

<V%  to6Qf*  b:jdr<^^r.t.yhi   cf.^ilt 

ere.    etcepf'  'isrid  cfag    •danat'e^    ry)ar<e. 


SffALE,b/ack,med  f70rd.t>rolien 
a/arf^  occasior7a/yxpj 
Poc  fi  s  our>d  oncf  un 
^red 


OOlOFTfTE  wiffi/'bedo/sho* 
of  E/.iesJ  Few  smoff  ^oken 
zones  witfi  j//gf>famounf 
of  wnotf}er/r?ig  Consid^rab/e 
solution  ond  ca/cite  rep/ace 
menfof  /^0  7.  Pock  moder 
ofe/y  broken  and  s/igfif/y 
wmoffiered 


Co. 


Core 


■coverij 


94.7% 


IffESTONE.  Jha/y,  rock 
opporenf/y  Sound  and 
J^nw^o/Zifr  ed 


'rtr  recovery  9^  "/c,. 


finalys*'  ■     of  av^fburden    sre 

Qa3ad   on    dry   3J/T»^/*fS 
Anslu^cs    of  roCH  are  tsosod  anZ'^a 

cores   attained    Ay   driilin^. 

Holes  numbered   /•3»   than  OfSOO 
dfilleti  with  Jik'  caving. 

Ef.toti^'.-'  'Y r.^'ti  baatdat  OSO-S  Uaft./r' 
5ev   iheef  FiU  na  MC^'Vi  tbr  caordmst 


LlfiESFO/V£.  do/omtfic,occ 

■yno/  jfnngeraf  .J/JO/e 
Pock  opporenf/y  sound 
and  un  isreofherecf. 


Core  recovery  /00% 


ST.  LAWRENCE  RIVER  PROJECT 

LONG  5AULT    CANAL 

RECORD   or  FOUNDATION 

CXPLOFIATION  NO.   I 


PLATE  NO    mns  (55) 


WAR    DEPARTMEINT 


CORPS  or  ENG/NEER5.  U.5./^RMY 


D-II56A 

ri  mi 


Brotvmah-groff    ,  fyirljr 
ZOft  ihqhtly  ^arX//  SILT 

Mtfy  fo-allfyCLAf 
Soff-Sroy.  J////  CLAY 


.j/yA//^^///y-  SAND 
\(jraK  foose^  ^ift/,  JANI? 


Ora/'Jooje  CLAV 


Fair/^  compact.  b*'own  sUghtfy 
HA.9  sondi/. atitj  QCAY 


~^5ANa 

sandy,  ^'ffy  CLA  Y. 
Ore/,  /eyoje,  CIA  Y 


'GfBx  compact  s/toAf/y  gray 

&//y.jt//-/JAND 


D-neo 


\  si/ff  CI /if. 


Soft  grey  s'ltj  CLAY 


Greyi3/i  -  t>ro  wn.soff,  ihghH/ 
sandy  StL  Tond  CLA  Y        tf^ 


Grm/^tsHtj        CLAY. 


^'^^prgy  joft^CLAY  >v,th  oc- 


S'oryg/pebb  tes 

<par^r}^/y  fairiy  compact 
:,hQhHy  j,/^y  ^/(nD 
Apparently  compoc ^ j/xaht- 
ly  siJfy.  5/i''^h//y  groifai/y 


D-II60-A 

SLSL 

SijgaSjandy 


DII6B 


Diie^ 


D-II73 


D-//7'* 


^iLfiCLA/ 


Gray,  joff  ailtj  CLAy 


DII60B 
,  CII97.0 

^.''Si^li^sn'jjCUll 


D-//62 


£LIIS.S 

finr/y  compmcf.frey/sn  irvwn, 
n  t,a  t  *V>^>^/  J^nt^y.  S/l  T0  C£A  V  - 
a  tii.s  Cfi/r>pacJ'.ar»y,s//fA//y 

ij-'/fy  Ci4y 

"  'f>*'^  Compact. ofvy.sfffhf^j 

\frmvg//y.s/>gM/y S//fy.  CMV  _ 

Compact  /e  very  competed. 
frpy.s//fhf/jf  ffr^iffUy         -* 


^OiO/f/rc,  Mterbet^t^et^ 
a  i^r>we*tfhere^. 


D-//6d 


D-/I84 


-1165 


D-iiae 


D-/I6? 


Fbtrlysotf  r3 
sof*  gray  ~ 

Sli^hHj  ^or.yiilij 
''UMCLA  Y5cotftrt^cott>l»i 


SoYtffraj^iffjCLAi 


fsir/y  iompect  fo  compecf, 
t)rc<f>n  sl'^tly  yrm¥e//y,si/fy 
SAA/D.  J^ 


^eirfy  loose  to  eompect, 
greyt  sttghHy  grmrelly. 
Jiffy  SANO. 


01177 
Sot  t^  brownish-. 


OJiSO 


^oft,  brownish 'qraf,zl>ot>t/y 
^andy  JILTS  CLAY  ^ 

CU^  Jo/f  gray  CLAY 

Apporcnt/y  loose ^^raygraye. 
I/,  irvry  S'Ify,  SAND 

Compact,  gray,  ^rat'effy,  fery 


D-II86 


D-l/39 


Care  t-^ccv^ry 


9SX 


fk/r/y  cprnpacf  ^rown 
'^"^-'  ffrm^e//ye'Sf//y   C/A V 

Co^p**c/  grey  grefe//y 
^sAgAY/y  str/tfYy  SUT 


Pf-n 


/>//-//  compt*cY  grey  siffy 
,  4  s/fgAY/y  gn0\fe//y  SSfiO 


Very  eompacY grey,a//gAY/y 
grave/Yy  SAY^O  9  S/l  T 


£Li^4^*.7bp  of /iocYt 

DOi  OM!  T£.  gre  y,  YtartY,  Yew       at^ 
sYrinfert  oY s^^/e  e'reM/oler. 
ai/e  ca/c/Ye  .  /ew  hattfy 

ee/Aere^Y  jO'f. 
Core  recovery    977, 


SoY/.  grey.  sY/ghYty  sttn^y, 

I  CsfnptfcY,  grey.  sYffYiY/y  si*r>eYy. — <iifi 
I  sY'fh/Yy  ^/>r/ft'^  s)/Yy.  C^A  Y 
"}  ComptrcY.f/ey.s/ffhY.'ygrwre/Yy. 

I  loose. ervy.  c/mYorm.  SANYY 

Co/7V>**cY.  grey,  j//gYfYYy 
grm<re//y.  sY/ty,  SAfYl? 
ffccMSfon^Y  boff^ers 


DOlO/^/TC.  h«r»t, 
co/7S/^er^AYe  cmYc/Ye 
YArougYioJy 


Core  recover-y  94% 


.  SSi 


Co/npfcY,  grey.  s///yhY/y  S'">^y. 
s/'^hYYy  cYetyey,S/l.T 
tf     Co/npacY,  grey,  sY/gh/Yy 
,gr^ve/Yy  S/YYy  SAhfQ 

ComptrcY,  grey  3Y'gY}YYy 
gnB,ve//y,Sf/Yy.Sr^ryi>, 
aceas'ontr/   hct/Mers 


Compe»cY.grey.  sYigYit/y 
grmve//y.  slYYy,  .SAtiD 


sYrtnger-s    o^C^Yc^   y 
/^ocYf  soont^  ^r>fY  t/nweaY^eretY -^ 


Core  r-ecovery  95.5% 


f^frYy  compercY,  brown, 
sY/gA//y  frrfve//y,3f/fy  S^ND 


fmirYy  Yoose,  ^rey,  sY/gYtfYy 
gnt^e/Yy,  s/YYy  S^r/D. 

fi^irYy  CompmcY.g/-ey,sY/gAYfy 
grmre//y,  st/Yy.  SArVD. 
occas'ona/  CooSYes  y  cot/Y£Ye/s_M, 


Very  compact,  grey  sf'g^^Yy 
occ^s/ona/  ^oifYe^es. 


£-  w   Top   St'  .fo^A. 

llYieSTONCctoYomYY/c, 

,S/ngYe  possr&Ye  aoen  ae^m 
^ocYc  £rx>.ken  hi/'  t^^wefffhe/e^ 


^ir/y  CfmpdKt.  iro^fK  sfifhfly 
gnrrr//y.  silly  SAND. 

'"3-  ^^se,  ^rey.  sY/ghY/y  yrm<fe//y. 

,S'fly.5A/VD 

fi^/rYy  CompaeY.  grey. 
^/gY>YYj  grtrv*YYy..ii/Yy.  SAND 


Com^itcY.  grey,  sl/ghY/y 
frmveJ/y.Sftty  3AM D. 
Y>cc^sionfiY   Sou.'iters 


Top  o/  f^ock 
£!ClOM/Tr,  Aar^.  /ifKf  ^m 
6e^s   oY  siitf/e     few  •>rm/Y 
poss/He  seafns.  ^cA:  _ 

&roAren,bi/Y  u/>y*^erflieretY 


loose  Yo  compact,  brown. 
grms/eY/y  *  3/Yfy  SAY^D 


CempmcY  grey  sY/gbYYy 
grmi/eY/y  3AND  4  SILT 


Core  recovery   95.5  Z 


owe? 


O-//90 


0-//9/ 


D-//92 


D-/I93 


D'II94 


D-1195 


4XA 

AS 


a7.s 

JJ.C 


tir/r-Yy  cofnpatcY  bnswnisb 
grey  s/iglft/y  gr-^t/e/Yy 


Very  compacY  grey. 
jYYfffytYy  grvveY/y.  5Af)/£f 
gS/lT 


^■^'^^^  Y»r/y  Yffose  grey  sYyY>Y/y 
taip    3h'*7  to  sYitjbtYy  gretveYYy 

\  SAn/n 


Compact  gr^y  jY/gYit/y 
gnmtt^YYy  Ye  f/wve/Yy 
SAtygo  f  S/£  T 


f^j    Jcos*  grey   .SAfYD 
Compfiir^  0r^y  sf/ghY/y 
grmvef.\   SA/WI-^SILT    — 
£UtA£  ^ Tofi  o/^ X:se^ 

£lff£SlX,N£,^oJon^it/c.  Yie^^-JOU 
rtvmeroos  s^rtngers  mAi^Ybin 
b^a  oY  jY>mYe.  fmw  sTM/t 
broY^O  ^r?0/sY,gY>YYy 
£i-UZ£^  weaYAerefiY  sones. 

Corer^CC'Tery   90757* 


CompaeY.  ^rar/^bYe  br^wn 
Yo  grey.  sY/gh/Iy  gm^^Uy. 
S/Yty.  SAr/£>. 
0ccA3/onaY  ^t/l^ers 


Ccmpac^,  grey,  s/'gAY'y 

SfYYy.j  '//jhY/y  ^mveYfr.  SAND 
A  /f»/  ^ppare~*.'y  ^ccrjpecf,  grey, 

sltgYit/y  0r»rvel^/.3/'gY>Hy 

^ijYy-^ANQ 
£>Ci:rilTe.h»rtY.  broY^en    -^ 
a/of'f  fewjo'nfs  »n*Y 
mppi-.-enl  3e^n73.  /focAr 
sltgYJ/y  wftrtheretY  tintY         ^ 
l>rot^en 


UfirSTONC  *  DOl0t4/Tf 
inferieeYtYe^Y  with  s/iale 
/tec Ye  s/fghYYy  w^^re^Y 
yt/ene  ^wseams 

AecYs  bro/cen 

Core  recovery  SQ% 


Yla/rYy  compacY,  brov^r. 
sYighYYy  grerveY/y,  S'YYy 
SA/-/D 


CompacY  Yo  very  compacY, 
sYtghYty  grvtveYYy,jf/Yy  SAND 


jYjg^YYy  grmveYYy  SA/VD 

Ya/r/y  campctcY  A  compmcY,  774 
sYighYYy  gn^ve.'/y  S'lYy  5AtYD.  ^^^ 
CccaS'on^Y   booY^er^ 


II.JJ7.9  a  ^yn  nf  fi>nr:A 


Fairly  compact.  brO'^ 
(jtavi  ■'  -  ''' 

t.ll94S     5  At 


i/YffSTONC,  a'oYamlY/e,  hent 
Co^AttcttS/e  pyrtYe  Yfiroufho«/Y. 

I  />.%  3  f^iS'ble  snjall seam  ^  fM4' 

I  Occms/o/i^l  1f>in  bnY  e  stnngtrs 

'^■^^^eYjhmle.  ^icJr  broken  bt/Y 
weffberet^ 


Cornpact  <y^cy.  gravelly, 
VtrySllty   3AND- 


Top  of  Roch 

L /M£3 TONE^  dark  ^rty         x»/ 

ha<d  Sl'^t>t  amount  of 

ioluf'on  evident  Poss-bl€ 
optri  seoT?  and  numtrous 
broken  joints  S'-gf>*  "'•■"»"■* 'f ' 


Care  recovery  as.sf* 


Soft  grey/sb  bro<wn  st/ty 
4  Slightly  SeintYy    ClAY 


ftrir/y  compact  brown, 
'^-^"^grsfve/ly  SAND  4 SILT 


CompacY  grey  sYtghY/y 
gra  ve/ly  Yo  gra  ve/ly 
SAts/D  9  SILT 


14.Q  a  IM..6 


£3S[  Ia. 


■7i^  nf/PnrA- 


UMCSTONC,  eYoYom/YYc, 
//ilerbeaif^  with  sbftle- 
Ca/f3/aYer^ble  c^Ycite  ^rec^hofY 
few  small  broken  mneYsY/^YtYly 
J  weathered  ^ones 
Core  recovery    93.2% 


DOlQMITL.  mrerbedded 
vj-th  sho,e  ^e^  s^^all seams 
&  broken  zortat  Broken 
o/ona  numerous  shalty  part- 
inq»  Qaasionai  small  seoT) 
Rock  broken^  al-'gi^^ly 
wea*'^rt.d olon^  jomts- 

Core  Recovery  QS  9'A 


fttirYy  cernpmcY  /o  YeirYy  so^l 
brownish- grey  3ilYy  4 sYigYtYYy 
grarel/y  /*•  jY/gAYYy  S/Yty 

ci^y. 


fa/rYy  compact  gr% 
sYighffy  s'/Yty  ClAY 


tac/  grey 


(^r^gi'sA  £>r-a*rrT.  /aaaa 
f  ^//i'y    £:^AIC 


Sreg   ■ 


^if/ty    Afffac   rf/Z/lc 


Compact,  vmr/mhYe  brown  A  grey, 
jY/fAt/y  gnerelN.  silty.  SAND 
accasionetl  botiY^tena 


loose,  £rvvf/>,  umYorrn,  SAND 

CampacY.  c/r-ey,  sY/gYi/Yy 
ryrvfveYYy,  jt/^YjYYy   •^.V/y.SAl//?. 

J4S.6  -     TbpofifocA: 

/)OlOfYlTf.  Yiartf.  cor}3nferttl'!e 
CgtYciYe  fY}rct/gYtO(/Y.  SmetYY  mmenr. 
oYsoYuYio/i  mnd  Yevi  smeYI  settms 
.ToeYe  sY/gbt/y  we^ihereet 

Cor^  recovery  S9.€i» 


Ay^A:/ar 


/}£^lt>MYrf^  a^^^r^  ^r-^^r  A^raC 
f^*^  rAf^/^  X^rr^^,  A/<f  /rt  ^Y- 
C^l'f'orfS  a^  fr^j/^ct^^/ig'i^  ar- 

y\^e^>'A4tr'^<^  Zdrrsti 


SM4Zf,    A^ei/f-,  rrr^t^y^yr7  y^^r*/ 
€/rr  i^^.^^^ri*r-^tY. 


DdlOAf/r£y  atsfr-A'  ^r-^^g',  »*♦ 

'ty/ii^^f^Ya^^i     <V  /VSff-*;  ^s^r~0S 
■/rr^. 


loose  grey  sY/gbt/y  gravelly, 
3ligY?YYy  .aJYYy  Sf^ND 


Car^ 


^^ 


9^.S'/ 


Anj/yi^i  or  ,:er bui  den  9re  Aei^a 

on  dry  ..iOf^rplfz. 
Analyses  of  bmJ  fxn.'"  art   '  as^d  im 
g%'rock  dort:^    obtained  6g  drilling 

Hole.s  fiamhert^d  .t-ss  ^or,  OiSOO 

dnll*.<Y   with    J'i     a.fSing. 
C<evQt-.  oj  hosed  an  i/iGi  datum  Kt'.L 

i9ts  j«/y 

Setf  S/'-e/-    file  no.  Ym-C-A-f^eYhn 

<Ji..i,-rifit'i/c  t-rm3 
dec  3h€e.-h  f^Het'O.  MIC^-Vl    for 
-..ioiJinjf'i^  of'Yiales- 


CompacY  grey  graveY/y 
Yo  sY/gYiYYy  gravelly 
SAMD  9S/LT.  few  seoYYered 

cobbles 


n  Mfe  »  Top  of  l^oc/c 

DOlOMltr.  Yjar^Y.  few  thin 
beds  ot  shaYe  Occ0SioritiY 
small  shghlly  weatherrvf 
seam  Ifbc/c  broYeen 


Core    t?ecov0ry    6S.S7» 


5T  LAWRE.NCE   RIVER  PROJECT 

LONG  5AU LT    CANAL 

RECORD    OF   FOUNDATION 
EXPLORATION    NO.  £ 


PLATE  rn  -16 


WAR    DEPARTnCNT 


CORPS  OF  CNGINCERS.US.ARMY 


D-1196 


p-n97 


M 


,,^/>/y  r*** 


i^S^;t 


^'9»f// Y*n>  jiffy  SAMP 


'^^^tLJUt 


S»^,  brownistt  ffrwy,  J^'gA^'j 


SArfD 


^t 


•    7qp  Of  /feck 
DOioyf:~£  /7-9ef.f:4»'-cf         ^ 

r*c9/Trr/7^tff  ii'-eccm 


Looje,  <^^oy,  CLAY 


D-1199 

:  s^m>fy.S.''wMiy  J-'^y    CiAY 

JMaX \a-I71J 


^c/f.  ^--wy,   CiA  y 


D-\200 


D-reo\ 


4ZS 


roirf/  corrtp^cf  to  co/np- 

to  '/^r/  s  Iffy  JA  NO. 
\DOlOMiT£  dOfM  y/i^  tn7rd 


■idSb 


>/AL5,tiixh_f,,ea  h<yrd 
'-'-T'*'   hroher^  i>t/f   »yri- 


'^'  r£:j,^tcffa/. 

yfir/--  %/f-  '^■,  t  Fet^  thin  tfedi 
■r,  ^i/efjtttf;  f^cf 


oic  -//■r/A-   ^o-  A  broken 


/iir/y  Jay/,  grey.  Jf'fhf/y 


gra^e//y  3f¥y.J^ttD 


DOi  or?/  ~t,  6tin/.  i»^^  &noAe^ 
Cor  ^■^e'y^iJt  ftfcif^  tm^pyhtv 
Cfr*  recovery  7ft/  % 


Soft,  vttr/ttbif  #'»^  s'  -A";*** 
fo  gr»y.S*ity  '<;  :,/'fhf/y 


,90se.frey.s'/ahffy  siryry. 

^"'•'^    'OTtfia/zt  fc  CJnjC^ct 
^rvy.a/'-f.ht/y  ^mr^/Zy^.^/t^v 

^^%\,     in.  KIT    -(fr-inamrs  ^itf  'fv  Jet^s  sf 

OCiC  "^ITT ^nfe-it*tfftei  f,  f. 
eV'itff.'if   Vbcf:  A'crr.'i^e^' ff'f'i 
Core  fecosre.-'j  P/.6  % 


: ui^a 


■'y.sitfy.  CI  AY 


rri/.-/y    Sorf.^my.  CiA"^ 


D-l?02 


.U.'.-. 


£:  ti..- 


'y.JAt,: 

—\£::e9X  -  Tbp  at  tiozk. 

DQIC  yr.TS  r  .'i^AlC  i»Mri><^. 

ihrcvfhoi-f.  ^Pf  j/9Sf// y^^^^ty 
L^Oi'.*   ft   <ffff.-r'^'>^/i'  9Ct">d-  XJ}, 


3//ty  ClA  )f 


I'Sh  fr^y. 


^  Cofnp*»e./,yr^Y.C£Ay 


C^moaet.  ^rmy.  y/'fttf/y  e/jiyfy. 
jhgtifl^  frmv*f}y.3/tfy,  SAtfO 

im/cif*  fftrotfffttoft-    few  3f7'0-"flft»>iff 

tLOXl^  yQwtmthtrfH 

C^rr  rr^ovrry  Sigf» 


OOL  Ot^f  TE,  l"yht  grcy,  ■^■"W 
g^rj-r7*d,  Oroken  otong  fetv 
jCir**5  arid  part  iri'^.  /tk>cM 
ur7¥veo*he*'eo. 


■  rr-z.  OVt-  ry    fH  % 


_U.-\iQ4_ 


D-lg05 


DI205 


'0-12  1 1 


0-12(2 


D-1213 


3'1/y  ClAV 


So/f  jfr^i  C/AV 


j] £Uti 


u*a  I  Top  o/  /eocn.  a 

J«  '»<  KTl/i  jtK/t.  ^•/«■.  erntr.-?        J, 

\unwrm»trrttt 
C(t^  rfCovtry  SdX 


:.U. 


Sc.--'.^^y     CI  AY 


$r^ATC^ 
■Soy/    ^J/rf-^r^,   ^/rg>^f/^ 


U  fXr  7 


^/Ygr-^i/ 


v/»V  <^£^^*f 


jttms-  ^'i^^f  eimoi^n/  ^Z" 
So/fffon    J^cA  3/'^6f/y 


£)OyOAy/  TS,  rT7t^<y/i/rr7 

^r"^^  /?^^<y.   /Ic  i/v  ^•*>fr7  _ 


.23 Z    "^apc'  C^arburdtn 


eu^"^. 


."r^  a^.oK 


•  DOi  Oti^/  r£_  <y»r/r  ffrj>^ 
t-)3ny  re^  t/yi/7  ^^s    jY 
'y/?<*/»  /^ocA  scund  S-'ct 
sJiQht/u  wc^tY/^r^d  or>  /Te 


^Ht-itf 


JZ6.Z  T^POf  Overburden 


sY/^.6t/^  ^/j^/W/y    -sA'^Y'ty 


iJ&L 


7^  xi^/je-an  sY'ffY?tY^  ^ 


fY^r-^  ^r^^  /r^rrY   yerty 


et../AMJ 


Y^sdYi^   d»  ^■o/t^scy  t*"YY>'9^^fi 

E'.^Tb/tr   s^;ut/^^>  c^../j^ 
:>  CraMerj    3 /tq/tit,\/ 
tfV^^^g; r — 

j     DOl0Yit/7£  dart'   ^r^c,  frn^ 

I     ,^r9fnad,  /r?tar^e(YdeiY  nrfY/f 

I    s/7aYa.  5 rrj^tY  ^rrw^nY  rf 

r'YlYfC't  Y?*c/f  rrfyaar^t^Y^ 

^YiALt:    t'.^..Yf   /  -.^  J- 

•.•Yt^/rY/^  H-^'JY/frrad. 

GtSJiyHMYrS  r^frt.    T$  ^rmi^ 
Y,:»y</:  C".    *r   .^^tr/cY. 


y?OAOAftr£    t fiYa r ^tf<Yde>J .^0^'^ 

ArKrjf-^/T  .v^cY  t^r^YYr^re^ 
H_p\^or7^„.yY/rr^  r^/i^y/er/7  Y4/-4/,-'/^f. 


Ca/ra   r-e^^tr^r-y   T^.O^ 


ea.je 


Ym/r/y  co/npmcf.  fr^^,  sYfYif/y 
J0f>jv,jifh.  CIAS 


•  aY    Of^y/r.d/r'i/aft 


\C'v/77y>.i/tTf  ^r>e'^  ^fY/l^^y^ 


YY7//7    £ft^£Y^    c^Y  S-Yt^y^. 
^^fiA-  nY/^YrAYi/  t^e-mfYA^r- 


,  Co/n/yrcf.  fr^y,  CiAY- 


/ery    ConfO''c/.yr*y,  3hfYlf/y 


f  OOi .''  *-f/y£.  ha/^,  oe<mstcnat  t^n 

I  tea  9Y^!'-^>    *>¥*  6rok9n  ionts 

Uaift  m.nounY 


[  9A^O/y  wkafff-ftY 


Core 


.u 


ei 


tH<rf</  S/Sy 


om5_. 


D-I2I6 


i-a. — ,tl  /iflt 


P-ig6l  - 


»fYey  S'LT*  CIA>Y 


Ce^.Dfcf,  ^x^,vt»f¥eYiy 

k-rry     fi;ty'^SAt\'0     * 


SLjOJJm    "^f  at  fbcH 

DOL  Ot^.'T.  ttartY,  stcas 

S^m.'e    Jo/r*  .*:-'~  'on  '-^ 
/ew  3/na.'.'  Ofie-  catif-0 


It*.  —UJOM. 


5«ft.  i>ro  Mf»3h  ■  grwy 
cY^y«y  StLT 


t.riyt'-eh 


■        ILT. 


■^^r 


Yinr.'y  CCfftifimcJ m  9rwy-  ' 
^»:rve/.'y.  very  ,\,lty  S*N£X 


1-  Tofi^i  ^Q£^ .      J  ^ 

T]AocA   ^rp^-^n*'y  S^^ntY.but  \ 


ttU  of  sh^it  t'C^-e-  -j-a 


PI266 

^  ./^,y  yf,^fty  ,W,.>«.^^^j    j^_  ^^ 

So/t  grry  shghlly  SiV/y  ' 

Jtltj  ClAH;  ! 


^nrtl/y  Sf>r<D  f  SItT 
loose  frey  st/fy  snrrO 


Eimtot  e  z  esosed  oni/saS  dafi^. 
rr  -^r.f  No  MC-A-  V*  • 


,4h'..i,e:.no1  north 

i  p-ii9^     1  i.gie,iWti 
I  e:li*S     I  i.fn.vo-i.' 


TPAIi; /i:Fi5E    M£.R'>ATOR  CO'.'RDINATES 
EAri 


£L^o.a^7svijj.sock 


.  ^ti 


ComMc-t  brown  /ogr^t/  slia/. 


qfS^'c:':.  :a/Yc  a-di 'L r. 


0-itoo 

0-iloi 
C-fitl9 


3l'CSS./» 


p  nil 
0  ilH 

0/!IS 

e.iin 

■siv-.-  \  •5/..'f.-M  \JSJlii 

-■„.■.'>•  "  '■■:>■  V   ;  ^.•^' 

••,  Wf?7      "■:•!■■!*         fil.tt 
,■/..'«"'   1  .•■•■■■.» ■•<'"    ,   f'-ii 


H40LE  l-iq_NORT' 


__£AST 
Xeie^iS.'O    -'?i'ift,V_ 

'  i,e.e.'.i::  \  .w-  .  c?  _ 

lia,7,sit>fi  ,  J*fi^«_ 
,  ijii:.7'S.-f    j/>i.Miis 

~t.eifi.olO!6   ,  JI'S,9^?.i4 

^i,si>':ffi   3H,'i6.ee 


C.'-. 


78  ■ 


'fry  J/sr: 


D 

7.A \iL-tLS 


fort//y  rrcf/Ofn/^mlA  J^Mf 
Sfi/rre  cor*  Sm^/y  /rwcA/rttf 


^  -ro>r^ 


til  l>,oX^/> 


Co'f   ^co*»ry  SS  \ 


ST  LA/vKENCE  RIVER  PROJECT 

LONj    SA'JlT    CAN/iL 

RECORD  OF  POUNQ4TI0N 

CX.PU^K/iriON   NO  3 


PLATE  HI  I  7. 


WAR    DEPARTMENT 


CORPS    OF    ENGINEER<^     U.    S.    ARMY 


DI302 


01304 


DI365 


01366 


01367 


DI368 


01369 


^^^    ''r^yW   M^^^   ^^ 


C^ar^    ^^ea^^f^  ^T^y^^ 


'  DofomLfe,  ho't^¥^rej  she.  •_/ 
fine  gro'-tifJ  FeW'Si^g'^t-'y 

fe^.  shai^  jj*ds  B^C^K  n.oa~ 
iero^elj    Crci'^n,  ■S^tg^}^ij 


ca-Sf/ot.s/    bow'sfSr'S. 


■    ■"■  '  ■•  ■  V-'i^'  ■  ■  t-. ', 


See  -.V  i       _ 


H«3>*^. 


/2£35   tr,ot/&l  Sf^Jj   I 


■rC^-^e/y   93  S" 


Core   r-r  .'Jo'tf/V  9S.7  °/0 


^rj     9S  % 


ST    LAWRENCE    RIVER    PROJECT 

LONG   SAULT   CANAL 
RECORD  OF  FOUNDATION  EXPLORATION 

NO.  ^1- 


fwrry  _ 


'f  ,  .  ,  1 


■e*4ji'-ttfy<urr>aii 


PLATE  IE  18 


W-4R  DEP/ARTMENT 


C0RP5  OF  ENGINEERS,  U5  ARMY 


T-1500  a 


T-I50(3 


:^p=l-SfeS[^  Topso/f. 

£.OQS«,  ^Orfft,   s//^A//y 
S//ty    S/4/VO 


Topsoil 

7</y     51 L  T 


T-\502  5 


T-1503*? 


jgz^A^  /tfttff.  An9«ry?.  s/fA^/y  Sfffy  SAND 

„  f  j^^jSo/J'.  $n»iff>tsh-0rfy,  sf^y  S/l  T  -" 


-yajyn       "Thpso// 

5d/f.&n>wn.Sf/ff  SAND 

^jjj^.    5o/f.  Arown,  s/ffM/y  amn^j  5/17  gjf 
/ie,7i    -*>/?',  ff^y  CI  AY 
rffj«j    ^efiorfej^  coarse  SAND 
^eco<^ery  d9/o¥^  /£.0' 


L 


_^.  '  4'AfiA 


loose,  irofffi.  sf'fhify 
jifN    SAND 


aC   r  —  nflv/ag  /Q(sje.  frey  ji/fy  SAND 
So0.0rvy.ClAy 


T\507<> 


Topso/f 

iOOS*,&roiKfO,  3 


a^As3off.^rey.s.''fS^!j  santiyClAi 


So/lbrov^n,  sftfhffy SafM^ySflT 

-      ~  ^ 


iis. I  L   a.aoxs  f.»  £?& 


D-1306 


D-IJ09 


D-I5I0 


D-I5/I 


T-I5l3a 


T-I5l4a 


mrtmi.'ff  Irotvn  fa  fr*y 

*'/*':/  f'**^ify^'i'y  sand 


tlJS37 

F^rfy  compaci.greyiS' 
brow/i,  i/ifhtly  sortay,  5'i'y 
CLAY 
^^-^^  r<y/rly  compare-',  sjifhtly 
y/Zfy  CUV 
Compact,  ffr^y.  th^htfy  c/ayey. 
^  ^.^tl'9httyaUiy,qr0^elly  SAt^D 

Compact  gr^y,  ihghHy 
<^ovelly,  siliy,    SAND 


Soft,  gr^ych- brown, 
Sl'fffif'y  Jone/y,  siliy    CLAY 


—  ^^^^  L£>oje,ffrey.  siightiy  gnJvefly.io.k 

Sh^Mly  clayey,  21/fy,   SAND 


Compact,  grey,  sUgMly 
grovsHy  31 1 (y  SAND 


Compact, brown,  ihyktly 
gravelly,  sli^tly  iilty   SAND 
£1  <?g.A.  Ccmpoet;  brotfn,  J-lightly 
.s,lty  SANDS  C^AVEL 
Compact,  grey.  3  lightly 


gravelly,  silty   SAND 


El  jQg  a 


Compact,  grey,  slightly 
ii/fy,    SAND 
Conipactgrey.  slightly 
£i./9B.4  gravelly,  s//ty ,    SAND 


El  202  9 


~^Lix»  \,Topjoll 

Fs/r/ysoft,  Orowmsh-grty 
SILT  &CLAY. 


ytry iyehiv  9-5' 


^ 


T-/5i5, 
09  et. 
OS.}  I 


■\£kdS''  Topsofl. 

ftB/rly  soft,  Orowntsti-^ay, 
slightly  sandy  SILT 4.CLAY 

LIJ  iEiifil* Jo/'/  brownish- yr«y,s/ig/ftly 
*'-  fK>eiii»\ clayey,  isnafy  SIL  T  _(io\xi. 

XRefuiJ/ on  graro/  Of  at  9-5  f* 
fi.-tot^fi  =120 


Fsirly  soft,  brownish -gr^ 
slightly  san eiy  SILT d CLAY 
\5oft,groy,  sligntly  s*ncfy  CLAY. 
F  • 3600 


NOTES: 


of*  ouerburd^ri  are  fyaso^ 


T-;5lfea 

0.31  p=l  \etMsTopsoi/ 

Soft,  OrownlsA-grty,  .s/t^tiHy 
Ssmdy  SfLT  a  Ci-AY. 


TiOlla 


7-15(8  5 


^io\sl\ofo\S/LT'<£CLA 


Soft,  grey,  sfightly  sandy 
f  ' 3600 


\£l Topsof/  Q.gf- 

<aiH9Soff,  brownish' gray, shgAfty 

sanefy,  vary  cisyey  S/L  T.  jq 

Pe  fuss/  on  gravel  et  2T 


-j— iff-jai  Topsail 

Soft,  grey,  Slightly  sandy    — 
SILT ^  CLAY. 


s//g/f/ly  si/ty  SAh 


r-  /521a 


Tops 01/ 

samples,  apparenf/y  ^  silfyCLAY 
hose,  brownish- gr«y. 


=1  -1  eL^2>^.2.     Topsoi ' 

—  ^  V'f-r'   n  Soft  brownish-gray, SILT^CL  AY 


1*3  I  / 


r  ~|  fmoaiNov — '^     '^  ' 
I       Pushao 
13.0  I     \ei  ZQ33      f  ^  75 


Loose,  brownish-gray,  slighi/y  graf*lly, 

s/ighHy  c/ayty,  ssndy  SiLT. 

Soft.  QreyCLAY. 

Pushed  rod  to  f2  3,  refasat 


Anofy 

dry  sempJina, 
Elcveim/iS  trrfbosGd  on  l/.^-O-S.  datarr\HSJ,. 

witfi  3v  cosing.  «.-«„ 

lioles   numbered  ^raster  f hart  0/500 

drif/od  w/tl}  jeH:'co5Jng. 
f. a  dertotva  5'd'Ofr>titer /JOfxy  su^^ 

holes    fo  refiiiOl   or  r.o  reooforg    ona 

axtend<d   but.  hand  probing.    F^-ob-r,^ 

made  u/ith  V  rod  drii/en  w/f-h  i^     uedqe.- 
f^OO   danofma  rate  oF  probing  pmne^frirr/on 

in  ftseF  par  /JOur  ,-       . 

See  sheef  F.iaM3.MC^^  fi^r  deycripfiye  ter/ns 


5T  LAWRENCE  RIVER  PROJECT 

LONG     5AULT    CANAL 

RECORD     OF     FOUNDATION 

EXPLORATION    Wa   ^ 


PLATE  irr-19 


IV/4R  DEPARTMENT 


CORPS  OF  ENGINEERS,  US  ARMY 


7- 1522  a 


T- 1523  a 


J.O  \^At»3»^lQOit^  trei^n,  sl^htty  grsv»/)y. 


LOT 


^ 


Y^ry  4ifty  SAND. 

^0fusm/  onbcy/dtrs  sf  3.0.    ^a^l 


ft.  JiTO 

Loose, trowm,  shghf/y 
ej.^JASoft,  grey,  siight/y  sandy  CLAY 


T-(525  a 


TopiOif  _c 

No  ssmp/ts^  appar^nffy  a  soft 
\£Li^ibrown^f>-grty  SILTS  CLAY. 
^'Sir/y  /oosa,trownish-grey, 
dsf'9^  fly  grsrmlly,  si/ty  SAND. 

'oft,  grey,  sh'ghfly  ssndy  CLA 


Soft,  bro<imish-grey,  slight ty 
%%  I — \-^£^^^ttsJanay  SlLTACLAY. 


iB^f^F^Jr/y  loojo,  bro¥if/tisti'grey, 
sligntly  grjtyaHySAND 

\£L2S»5SILT. 


'--328 
£L20ACf  ^450 


'bpsoif 
hfle/f/y  .loose,  Droimfs^-grey, 
UlightlygosvellyfSi/ty  SAND. 
\  f?efu3a/  oo  gr\sye/.af2.5  ft. 

Wet  2269  f  'leo 


D-530 

iilT,     SAND 

Soft,  brownish'^rty,  iligfitly 
•ati,     SILT  t    CLAY 

-  "  "'<■  Scft,  grry,  !'«i',tly  iiity  CLAY 

jf'jr^ Cmiport, inwn,  iltfh*.y  tllty  SAW 

iltMf  ml)  fc  Jilt,  SA.VD 


30.B 


D-IS3I 


D-I5J2 


D-1533 


D-1534 


DI535 


sandy,  3ilfj     CLAY 


So/t^  grey    CLAY 


C     '9S,} 

Compoc^    to  verf  tempott, 
si-ght'y  grove!''.,  T/.^r,  SA*^D 


JM\, |r/ft/ 


Soft  brownish-gv^y  slightly 
Sondy    SILT  &   CLAY 

f'jSSJ-    Soft,  browr'::h-grey,  sfi^htly 
Si/tf,   CLAY 
Soft,  ^rey,  siiqh^/y  sifty, 
siightly  sandy    CLAV 


Soft^rey.  CLAY  (ihtUs) 


Yery  compcrt,  grey,  s/i^/it/y 
grove/fy,  itify.     SANL 


fAir/y   comp^cf,  &ruvfnish 
grey,  s//ff>f/y  c/ayey.  3/LT 


Compact,  ^vy  s/>ghf/y 
grtrve//y,s//fy  SAtfD. 


^ofi.grej,  C££ty 


Compercf.  (jrey,  3/ighf/y 

3tfty ,  3/fghr'f  gr^ve/iy  SAND  ^^-^^ 


Sof/  pron 
s'tty  CLA  K 


I.^MIu 


T-1536  a 


Soft.  brotrmsA  grey,sl/gittfy 
sendy  SILT ^ CLAY 

Soft,  gr^^  CLAY 
'*o|l«t  iti  i    No  rtcov^ry  befow  /5.0ft. 
-'■  fla»"«»  f     3600 


^0  £J^I7ii 


f  •  /eoo 

F  '  1600 
f  •  /200 


^pact  gr^i/,  s  light fu 
ssrlc/y.   s/iffht/y  S'/ty  cL^>r 

ly,  S/Ny  SAND. 


T-I538a 


T-/539a 

.  Et.    177.0   . 


T-)540a 


Soft,  tn>Mntst>-grey,  slightly 
seftdy  SILT  A  CLAY. 

^^^j.    Soff,gr«y,s/ighttysend^Sflty 

~-  \^^\jyo_rfcovery  Oelotr  '60  ft 
~  ^\»Ln%!f'  1200 
fit.  ]rtif  '1900 
i"  *t  rvif  '/200 

l^iGpj  f  -1200 


:  I7jr   Topsoif. 

Soft,  grey  Clay 


iti-tVSTopSOl/ 

Soft,  brown  sOghtly  sendy  SILT. 


T- 1541  a 

eL  1B1 3 

Softj  brxiwnish-grey  S/LT <£ CLAY. 


SIMS  3 

Soft,  brownisti-grey  S/LTtS  CLAY. 

B  ie 

— OP  —  CLAit^Soft,  broY^mstJ  -  grey  SILT  £  CLA  Y 

\Cl 


CL  173  3 


[Numeroc/s  shell  fragments. 
Soft  J  grey   CLAY 
-tj^^o  recovery  below  20.5  ft 

1800 

1200 


rden   mrs  ba-isj 
te/  en  l/S.G-^.Jdfun 


Afa'iyscA  efet/e/t'' 

on  i/ru  son.plan. 
£/a^st/«na  &rt£  o*-'^ 

M  S  L   1912  o^ustment 

tiaia:!  r.umben^dQ/.eetar  ^,3i:p/: 
arj/ej  rf-- '/'  ^^ C93inif- 

hofa^  ioret*uzol  or  no  recovery 

F'ri.binq  rnt^lc  with  Vf  ro-J  ijrii/sn 

^itn   1^    ileU^..  . 
f*00  Jffncrf^^  ra''*  of  pnbin^ 

ftfnetrafad   in  f*»at  p&r  hour. 
s/t  rl.tit  FlltNa.MC-A-iA^lhr  cle-irif>n-ve 

Terms. 


TRANSVERSE    MERCATOR    COORDINATES 

HOLE- NO    NORTH  EAST      IHOLE-MO     NORTH  EAST 


risa 

-1314 

iisis  ■ 
T  i:is : 


CIS  so 

I IS3I 

ri5)s 


'.  ia»,e9s4i 

I.eH.TKK 

i.eii.iea.fr 
;  i.eujeijs' 


33}. 136!^ 

36'jH?}^ 

M4.3CB3; 

ilt4£IS.4l 
\  3S4.a33.77 


1.813,37144         3U.0f3.IT 
1,313,07903    '   36BJ/I4S 

/.a/3,4es.3o     36S.e44S0 

T  133(3       j,eisjei.7i    '  333,1  lire 


''Pisii ' 

\TI5'3S!, 


i,ei4,eateo     j«/»7« 

1,3  4.333)3    ■   3(7.^33  ' 
i  l.tl4.i0iSt     ,   3eZ3Si3$Z 


1,313.17137  3(3,641.03 

IJI3J73i3  370.133.31 

.    I.BIS,4313»  370,377.14 

■'1341a       I    1^315.910.13  '^  370.73330 


5T  LAWRENCE  RIVER  PROJECT 
LONG      5/\ULT-  CANAL 

RECORD     OF     FOUNDATION 

EXPLOR/HTION    NO.   e 


UACNdlNlCROfriCe^MASSEtM  HtW  /Ofii 


IIVnUVrHSEOj 


PLATE    in  --  J 


WAH   DEPARTMENT 


CORPS  OF  ENGINEERS.  U5./ARMY 


D-1542 


0-1543 


Soft  Orowntsfi-gr0y  J/'gAt/y 
satH^y,  •'#'>  sil*y  CLAY. 


Soff.yrtyCLAY. 


Soff,  t>rommisf>-grey  s/ighf/y 
sane^,  v»/>  sUty  CLA  Y- 


Soft,    gray   CLAY 


D-1544 


Comp&ct,  grvys/ight/y    gra»9/ly 
tary  s/fty  SANO. 


LOOS9,  thrown,  slightly 
j///y  SAND 


Soft.groy  CLAY. 


D'I545 

^jl      1^;  jtTff^<^-^^'  brown,  stig/ttfy  jttty  SAND 

Soft,  brown/sfi-^^y  ;lightty 
ssfx/y  S/LTdCLAY  _^_j 

C<-  U».7 

Fairly  loose,  drotnm/sfl-grty. 
Slightly  gravelly  sant^y  S/L  T 
to  jilty  SAND. 


D-(546 

£L20£2. 

Soft,  browfiish-grey  slightly 
sandy,  very  silty  CLAY. 

eL  191.1 

Fairly  loosa,  drown/ih-grey, 
£^niffra<felly,  ciay^  ^ry  ssfxtySIL  T. 

Fsirly  compact  to  co^/>act 
grsvally  vtry  sUfy  SAND. 

Cobb/es  ^  bouidars 


D-I5A7 


015^8 


T-1545  a 


fsffly  comfi^ct,  bromn,  slightly  -*« 
gravelly,  jilty  SAND- 


Compact,  brownish-gray  fo 
gray,  sitgtitty  grSvtlly  vary 
S'lty  SANO 


Fair/y  /oosa,  brown,  jljgAtly 
CLfi^tsanefy,  vary  c/ayay  SILT. 


I  Compact,  ^ey,  gravaily,  vary 

jeLPaiS'lfy  SAND. 


£^1973 

et.  i**»7boso'l 

Soft,  broivoiSh  gray,  slightly 
sa/K(y  CL  AY  and  SIL  T. 

Soft,  gray  CLAY,  faw  shall  f/^g- 
manfj 


ioei£/m9    ' 


D1550 


/It/r/y  eoft.  Irawn/sh-f/ry, 
very  ji/fy  SAND 

^ir/y  sorf.  browntsh  fray. 
A  vfry   cftij^y    5 I  IT 

Compaff.  t  rownish-^ref, 
^ntvelly.  vrj  siffy  SAND 
OCC*t3M>/iml  boomers 


Very  comp^cf.gray. 
grmvf/iy  SA/YD  0  5/CT 
ocrttS'ont*/  6ou/^ers 


T- 1551a 

0  0  CL   iMf 

o\     \EL  nyi  ioft   brown    Topioi/ 

Soft,  brO¥inith-grry  shghtly 
sandy  CLAY  J  SILT. 

/o.oi ]ei  IIS  f 

—    —  Soft,  frty  CLAY 

-I10\^£U*^^^ !\0  rtcovery  bflowt30ft 

r  •  I 100 


T- 15  52  a 


T- 1553  a  T-1554  a 

^£i.  itiMTop. 

Joft,  bnytv/nsh-grey  si/ghtly'^AOr 
sandy   SILT  £  CLAY. 

£L-ISl 

W 


T-/555  a 


D-1556 


tL2t>  < 


Soff,  broYtnish-grffy,  stighfly 
,    I,,,  sandy  SIL  Td  CLAY. 

.ciltMSro  ^nith-grey,  vtry  t,lly  SAND.  "M  &os//v/?i%f'  '"'  glWt/atS  Oft. 
Soft,  grty,  sli^Mly  sandy  CLAV  J'^'^    ft  iST       ^V.-i" 
Occasional  itone  5' 

gAto  racovtry  balow  160  ft  * 

1200  -  'I'l'^ 


I'll. 


£L  Ao*\TOpSOll  '  O  r 

-^fi.203*Soft.  brownish- gray  CLAY. 
Iw^S'^''"^  /i?OJ^,  bro)fvnish-gray,slightfy 
\£Li.o^llity,  J/tghtly  gr^ve/ly  SAD/O.     a  , 

ij        "  >  i^^jssl  on  gr^vatat  <5  f/ 
\  VS'-  S5 


v^iTopsoil 
Soft,  browntsh-gray,  slightly  sai^ 
CLAY  £  SILT  Boulder  at  ^S  ft 


f  •  900 
f  =  ^50 


£Lt09.* 

Fh'^i&slic 

'~Am,n,t74f-  ^40 

1/  ''■\^^L,H4f^J60 
'  ',■[  ^ML  lt**f'  106 
pj  |I«.IW</"'  9S 
e.1    \~£t_t»*T'S7 


fity  SAND. 

7  Qrcvelat  93  ft. 


Fairly  co.ttp3c%gray,s/ifbt(y 
grsval/y,  s>ltyS.4ND. 


T-I557a 

0  0      _   ti~  207. 7 

'■''  Toflso/I 

^Soft  6roi¥n,  sligi 

•iaiiit^gravally,  SAND' 
\Rafusal  at  ¥J  / 

\iiM\i  F'lOO 

\SL»0.7  /  *S6 


I 


DI558 


DI559 


D-1560 


Compact,  bronnish'gray, 
gravally,  j/lty  to  vary  siity 
SAND. 


Ccmpact,  gray,  slightly  elayay, 
gravelly  SAND  rf  SiL  T. 


r^Tly  COfrtf.^f~f,/>rowr 
s/'fh/ly  ^rmv/ly,  st/fy 
SA/^D 


Comaar    t,  ffr^y ,  s.'ifhffy 
ffraveAy.si/fy  SAND 


n  paa.6 

fa/r/y   compact  to  compact, 
brov^n.  s//yhf/y  fr^veliy. 
si/fy    SAND 
Occcts'ona/  bou/^ers 


Comptrcf.  grey,  s/ig  vZ/y 
^rai^el/y  s/ify  SArvD 


D-I56I 

£L-2IS.2 


Compac  t,  variabia  brawn 
to  gray,  s/ightiy  grevaify, 
silty  SAND. 


7-1562  a 

OO  £l  I9S  9 

leLtvTATopsai/. 

-^^  Loose.  brov\r/}  SAND. 

Soft,  greyish -brotvn,  J //ghtly 
^^sanjYy  CLAY£  SILT. 
igjaSoff,  grey/sh-broiy/},  slighflf 
j^i^SSi^dy  CLAY  '      - 

l^fcrii         I  fiefusat  on  gravel ^r  11.5  ft 
.j-jI  IfR  'fiJ|M^  720 
its^         £imM£jl09 

is.sji  [ei  i&3jtF'  211 
^*j|  \£iJ9Z££j  160 


T- 1563  a 


i  S03O 
•L^oTopsa/l. 

i.JOO.0 

p***!  Brown    clayey,  J'ity,  gt 
SAND. 

1  Ptefus^i  ^t  30  faaf. 
■  .x^rof  '64 


T-I564a 

f/rq  'alfolfropsoii  NOTES- 

,„    ^°)rr^'}^^Oro//n,:,liyhf/ycijyay.gfVfa/fy      /\f,9lus9a    of  onar burden   or«   basCcf 
>'         [Tj    I         'ySAND£SlLT  on^dru   samples. 

eistr^t/or,^    ^/v:  bd^eof  an  USi&S.  darun. 


\  Refusal  at  JO  ftet. 

.tii^^fjJOO 

^letzoi.^f'    64 

ej.  ioi»  F  »    S2 


Holes  nuf'ioered ^rearer  Ttian  PiSOO 

drilled  *vifh  2^   cjs-ir.y. 
TOOO-o    ^/f"ot&-i   S"diQmet9i    ttand 


9U^r 


'  fioles  tv  rdfOss/  or  no  . 


and ct  f-fiidmd  by  t'-^rti/  fafur.:,.^.  Proo'i 

mo 'in   ^ith^^rc^i  drivnn  >Vith7-^*ste- • 
F'OO  -ter-i/es  rotaotprjbin^p&r.'^^'-    ' 

/n  ft^e:^  perhoui 
5-«  -ihvei  FileNo.mc  A'tn^r  d^^}*r''^^ 

trr/r^.j. 


y 


TRAnSVERSr    MERCA-OR  COORD  NATE5                  I 

HOLE-IIQ 

tIjPTH          EAn 

_[HOL"-tJO 

NORTH 

:a5t 

asip. 

/,*■.','-    /«         J7/.««S7 

TIS54., 

ijie.ii.^'-  ^ 

\  374.  e'K  !2 

Lim 

Af'J.i  -.-•.'«        J?e  O.Z  '! 

TISSS- 

I.SIS.ln  7! 

i\-7S.'OI 

pim      1 

i.eie   ■■  '.•     372.i'Ss! 

j>i5se 

i.eie.e'cn: 

r-.S'.v! 

1  nat 

'■',              j?::!i:->- 

TI5S7i 

i.e'S.3f'si 

3--  fi;.^ 

''■■■ 

JTJ.di.o 

p/A 

i,fl.itii 

3-.f!f.:S 

J73.l!>.Ji 

t,.c.i7.js    1   i-:.a;s.-t 

i.t'i.ff.71  X  y  ■•;■€! 

I.S-£..'c::f    1_  J.V   :c.^8 

37i'ilV 

^DltSO 

--■-  . 

.'V.'IS- 

fiisei 

1  ■'■■::o      . 

-.-■«■         f  ••.■'/<  {:■ 

T  1361a 

:«'«;.v?  i  3K  iai.!7 

1  '"''  ■    1 

fc.rr.ee      •■x.jKic 

iT/se.Jj3 

'  r/j/>  ,     1 

:;-:fZ'C       ■v.l'Sf 

\TlSS4ai 

■.SK.Irf           '.K:!SfS 

.  ■  .■«.'.» . 

:•■'  ;:s!   1  -^fnc 

' 

;T  LAWRENCE  RIVER  PROUECT 

LONG      SAULT    C/\NAL 

RECORD    OF     FOUNDATION 

EXPLORATION 


WO. 


i^LATE  Tn-21 


vVAR      DEPARTMENT 


C0RP5   OF  ENGINEERS.  US.ARny 


TISfeSg 


T-/56&0 


T-l5fe7o 


:£^ 


eg 


/eef- 
'_Jond/  3uTS:CLAy 


£t.9Tt  Tnatn./ 


\j'/f/  SAND 

\ih^h^l/  J////  CiyOK" 

\jan^  CLAr  '        '      ' 

loose,  Oroyyn/jh-  fray,  j/i^M- 
'/  qrO}/s//y,jiiQhfty  jortdr 
^'"■r  CLAY 
Pefu^of  on  frowf  of  /es  ■ 


5o-*f,grey  SILT S CLAY 
Idt-fusat  on  bOiildc-  at  10' 


T- 1566  a 

Doft,  l?ro<^nisf>- grey 
■  CLiSl^ysOghHy  sandy  SILJ4CLAY 
Soft,  brownish -grey 
■  s/itjhfly  sandy,  silty  CLAY 

2.^5oft.  grey  CLAY 

^^^^^^No_recoveru  btyond  14.0' 

f'taoo 

f'i200 
f'Z4.0 

f-eo 
f-es 

•66 


D-I5G9 


foft,  brown,  sli^Hy 
S//tyCLAy. 


fa/r/y  compact,  fQ  compact. 
grey,  stiqf»  tfy  grs*'*fiy,  Ji/ty 
SAND. 


D-I57t 


SCLAY     '  '■ 


Soft,gto/,  CLAY. 


111 


57^, 


Joff,  hrQ\Mr>,  i.'ifS-.'i 


Co.-iDfC^.  frry.  . 
fv^vfify,  ary  St. 


- .  S^>^D. 


.S-'f.  brf>vyniih  fray,  siffy,  CLAY 

Scft9r.iyCLAY 
ii'lV^  /Va  cffco^vry  £>e/oyv  /4.0' 
'not.NG  f,„,2_    f^  .  ,^oO  ^/  per  havr 


a-t'^^   F  .  teOO 


jcal xai^aj 


T-I573Q 


T-I5740 


CLAY.  ' 

,,-*  ■5t>f/:  t^ray  ClA'< 


=ga 


T-/575o 


T-I576  0 


Joftyra/,Cl.Ar 
hfVo  rtco  vmry  befotv  /FO' 


<^o/y  jflfyClAy 
'■—_  Jc>/  gra/.CLAY 


aOO  ff  per  hour 


~\£U*ejTopjOl  I  2 

fiyir'/  joff,  i/rotvnij^'  gray 
llighfly  jand/  JILTgClAY 

,^(,3  ^O'r/v  zoft;t3rr»vniiri  ^ray 


5oft  <Jray,CLAY 

Too  Joi^  fo  pic  A  up  be  /o*v 

moo 
£_'/aoo 

300 
'ISO 


T-  l577o 


T-l57ao 


1-1579 


■isaoo 


TppsOi  I 


Foiriy  compac^s/ifhf-iy 
jondy  J/LT^ClAY 

Ei't^x.  r  woo 

c/,(,ri.    f  •  IZOO 


xia.  I  .J"'TJ<    SILT 
3A\  I   "■'■■■•    /  -o 


Foir/yso/f,  branrnnhqroy 

Xjlir/rifly  sandy  JILT S  CLM 

F'Clirfy  ^oft^  brorvnuh  -^«V. 

ili^hHy  jar>dy,  very  chyey 


CLAY 
/SOO 
COO 
300 

■ca 


!llf/lf/f  . 


■im/y,  SltTt  "'AS     JUL. 


riir/y 

/rey.  .■ 

Si//y 


n  /«*  J 

qHJ£^  TopjotI 

Soft,t)rO>/Vf>'^h-qray_  j/ighf/y 

arKly  ill.r,S  CLAY 

ic*ryray  CLAY 
lo    io/t  ta  Dick  up  balOrv  lO  i" 
ei,ta-y  P  •  IBnn 


.•i.ip/icf  ^  :e- 
ifh^/y  yrmv*.. 
■A  NO 


T-l5eio 


T-ISagg 


D-1583 


T-I584Q 


T-I5850 


T-I5fl6a 


D-i5er 


«'  '^*  /  Topjo'f 


Soft^groy  CLAY 

loo  ioft  ro  p'C^_  up  t3»foitv 


'  I  •- .  --~  ^ I  Qro^e//y_  .ja/KJ/  verycfayey 


ILT  Re£:^:a/  or,  am^'et 
F'IZOO 

r  -- 1  BOO 
F'je7 

F  'llO 


C.'$SJ 

Se/.f.f^ark  Srown,5iiff>f>j 
S^nt^y,  5/L  T  0  ClAY 
njoffi    I  ^'r/y  /oose.^A.  Srvwn 
11  >as  I    ^^^^'''•'r  cUyey.  s/^ff>ffy 
£i^^^>-^  ar^/e//y,  s,^  SAND 

/5»  r/y  CcfT}pe*€/,yr«y, 
j//yA//y  r/fityey.  shfhf/y 
^rave/'y,  Siffy  SAND- 


zzifcjaia,  Topsoi/ 


Soff,  gray,  slighfly  .sandy. 
SILTS  tLAY 

~  Soft  fray  CLAY 
1  Aufcred   fo  grade 


±fc 


Soff  Dro^rii^ih  far  jlrfAZ/y 
\^j^^iar>dy_J/i  Taci/Y 


Toirly zioft,  t>rot^r}i.ih-gray, 
^h-^hfly  <prai/elfy,  jlighfAr 
.iond/  i/«ry  clayey  SILT 
RefujQ/  or}  roc  ft 


Fairly  /oojff,  brownish' yray 
ShfhUy  grawe/ty  sandy, 
cla/ey  SIL  T 


^M 


•  277 

■  ISO 


fbir/y  Icxije,  broivniih-aray 
lyrurtl/y,  ulty  SAND  ■"■<> 

Re  fir  J  a/   jrj  grairei 


,    ,  .        .1       1^0^^^' 

rkir/y  compttcr.  vunmhlt,     

&ro'^nfo9rey.Sjh//y  finoljysgs   of ovenbur-^cn  jrefaa.>-,  / 

s.>yey.  s/ig/)//y  tfrmve'/y.  on  Jrjy  sari</  /tf  i' 

sdfy.  SAND  Sie*-tfton%    sr-f  bascfij  on  USHit    diTfu/,. 


MM 


O/^OO 


fio/et  ,.um^et-v^j  gr'ester  th 

dr/hed  wiffi  B^" c^sm^. 

TOOu-w   denjf-^s    S'Jisfrtersr   hand  ^u_yer 
hofe^    ro  refusal    or  no  r*f:jv-r</  Si'd 
exttrfideJ    by    hand  pr^itiin^^     FyjO/rjj 
n  sje  with  7^"rod  <//•/*•«-/?   •<">/•  ■•*  r^icJ^e . 

F'OO   denotes,  raf-m  of  proi>/r_j  pvntf-fafi 
(fif^et   par  hour- 

Sfcf    srme^  FileMj.  Af0^4fhr  -Jescriphi/e 
terms. 


1 

tr\m3ve:rs£;  mer 

.ATOR    c: 

ORDIM  aE 

c 

H  -uE-IIO 

1 lOi  :  1 ■ 

lA": 

HOJE-NO 

IIORTr- 

EAST 

\Ti''.  '* 

liiK.fi:    i 

3V.S-  ■■■ 

Tll77a 

l,ti',373^' 

379.03i.et    ' 

/.»!(,'.  '    :• 

_S7C.*:'- 

.  riS7aa 

l,SI7,0O70.- 

370.0B7eC 

/leiS.H'r 

J7S./S.' .  .- 

^D'.'7f 

i.ei6.ee7.i: 

379,  lOS.i' 

i,a>e.'^'r 

37e.eci . : 

ntlr.a 

l.e'7,tH.H 

37S.e?!.3C 

leil.'i-  ■ 

i7i.T>. 

'rue 'a 

i,ei7,foc.s: 

37$.SSl.tt 

■,li?.CK 

377.rS:  : 

Tin's 

i,ei7,it7.ss 

37S.e7S.i: 

:,eie,.'i- 

}77..>.'!  '■ 

•ci2S: 

Ac'C.SSS.70 

37S.Si9ll 

'.<!?: in  rr 

J77.e!^:-- 

\tis(-'-„ 

l,e:7,S!S.3i 

3aOJI6. 7L 

'       " 

~   '  ""r 'f 

377,  t-H- 

\r/fs;H 

l,tl-ll>7.SC 

seojss.}. 

ja«- 

\r/!Hs 

i.er.fsssi 

3eii.>7C  7i 

-    r 

17t,!!l.7^ 

DISS  7 

l,ai7.OB0.6! 

3e0.fSl.ir, 

'    ■  '    J 

rJiiU.- 

. 

ST.  LAWRENCE  RIVER   PROJECT 

LONG     SAULT    CANAL 

RECORD    OF     FOUNDATION 

CXPLORATION    NO   3 


SHEET    NO 


»,SCNG(NEER     OFFICE  M,*5SEN>a 


Pl^TE  i^-2? 


WAR  DEPARTMENT 


CORPS  OF  ENGINEERS.  U  S  ARMY 


T- 1555  a  T  I5d3a 

ro  \~J't  '»«'  'Vo  recovery  be/tfw  4-5ft. 


T-i590a 


J' 


£^,nts^<fy  SILT  a  CLAY  fit 

!j^w^Afe  recovery  bvtofv  6  Off.  *' 

jlft  17)4'' -S/*? 

''  eLiT7^f'239 


J  <(.«"  Je?/"^.  broMfusfi'grty,  shyhfly 


k 


7g 

Soft,  browntsh-gr«yj  slightly  .^flA 
grs¥^lly  soncfy,  vtry  clayey  SILT.  " 
f^fos^   on  grave/  st  5-5  ft 


0(59/  T- 1552*9 

j/'fAl/y  sstn^j  C/AY 1 5/LT 


^2^   I         \JI  IJaO 


T- 1593  a 

_0£ 


T-;594a 


0-1595 


Cof7}p*tcf . ^j-^jf .  s//jt^f/j 


Soft,  t>rowntsh-gr9y  vtry  sil. 
^^^&^^<U3C0very  ttfow  70  ft. 

FraT^^j^  ■ /WO 

If  •  4O0 
\257 


<o       U,  «»••>■<»''■  «™»"Vl*si'vS'i'''Ci/<y    LpJ^S^g^^'''  tinmiah-grmt,  slightly 
^^r^iS^£B^fk"l°"grtrml^SOft-     ||f '',1^ -•*'«1'  SILT^CLAY. 


\Kt  fustic 


'  yravtl  at  3S  ft 


T-I596a 


»o\ \gL  »M' 


T-I597a 


598  4 


ffopSOll 

Soft,  grfy    CLAt. 


D-1599 


T- 1600  a 


T- 1601  d 


n.ieio  4   sa/7fYy   ClAy 


It  1^7.0     f-'   9& 


fit/r/y  cofnptte^.  ffft  &rown.        -• 
j/ffA//y  S'/fy,SAND^  OMVn 

Cvmpetcf.  Srw/},  S^'g^f/y  — 


c/ayey.  s/^grif/y  yrave/^y 
j///y    SA/S/O 
^cc*»3io/f*t/   &oi^/^ffrs 


cuti.i  Topsoii 
5orf.lrawi 


ish.^r9y5lfsClAY    *^ 


D-t602 

_0^| £LU£e 


^jy^"^'" 


T-\603a 


Soff,  browrj/ah  frmy. 
s/'^/f/Zy  S^ntfy,  Sf/Zy.  CCAf 


^r^ve//y,  si/fy.  SAND  -^^-^^flfcy  Z 


S»t'.  l/9Wf>.  a:  fftf/y  3//ty   a  AY. 

no     ~  J7I74S  Stff.trey.  f/i^H/r  J^flUf)-  SiAY/ikf.'/s) 
Vffy  .vff.  fi/vf.  sifAf/y  s»/Mfy  CiAY 

/   b»/i><M  fS.O' 


f  '/a^Q 
aitu..''  •  TIQ. 

« ism*   '  ._&tia 


D-1505 


D-I60e 

-A5   M.mi-S 


D-1607 


D-1608 


D-1609 


Viry  3t  ?,frrj   CiAY 


/rwrt//y,  lilty.  SitND 


Sanc/y.  SILTf  ClA"^ 


si'fy     Ci.A-1 


Camfieic^,  yrsyj  s/iyfi//y 
ff/ya  v«//y,  s/iyM/j  si/fy 


So/H.  irownish-^rey. 
shfhHy  si/ty  CIAY 


5o^y.  grvy  CZiO>^. 


nani 


1RAN:"/-R5E    MERCATTR    COORDll'ATES                  | 

^l').E:-rs»lj    MDKTU     ,     EA5I        'HO^-NO,    NORTH     1    LAST        1 

"it  9, 

i.Bn.ni a      lei.icere  i-ieoc^      tensio^e    '  3a>.tX34 
,  i,ai7,4ffs-    sso.^taj'  \f/ec't       /,e/^//j;s    \3Si.sisci 
j,en,aH :      3ao.iso.7c   \o/eci       '  i.ai7.!?ii/    \  jesjrois 

•'.'9Si, 

•  if '„ 

i,e>7,i>: '      sfo.eesrs  '.Tec  3       i.fis.e9/.J9  '-jsi.siaps 

,  iei^.Tr/,-'-    jt.ssss<     jfieo^          /.eir.reie,    '  3e3.e32.31 

iSi7,xH'    3e..^36er    \diso5          i.sie.n'.e^   ^  3e3.ss1.sy 

l.$iy^llJ:.'-        3!-^!3et      ^1606 -.gT^WSC.    '\'3f/.3Sf.7f   ' 

i,ei7,n.f!      3t  '■•4  00    J.  IS07         /,eiHss.s.-  ■  364.373:19 

i.aain:-     }e:ii.0B     ^./ecs          i.aie.isisi  \  3as.0es.0e 

leize'S.'r     3a!.:7'ie    'j:i6cs         i.e",e49.e:  \  3as.ets76 

\  '.niiiii'      3ai.:f-a    ,                '                    1                   " 

!  ■fr.siif:     3S!ct;f.44    . 

_  CofTjp^erf,  ^rvy,  sftfhHy 

I  s^n^y    €  ^r^ve/fy ,3/ifWy 

Ccmp^cf.  grey,  s/f^hfly 
c/fyey.  3/ighf/y  ^rM  va//y 
„,^^S»/fy,SAnD 

Very  compfK'f  ^rvy.afigM/y 


/VT/r/y  50/i,  /frr/**ii/e  &rowf7  /e 
ffr*y.  s/iiyhHy  3tr/>tfy,  s/ffhf/y 
y///y.   CIAY 


Soft^rey,  CI  Ay 


Yery  compac/.^r^y.  sligMfy 
^Mve//y.  si/fy  SAfYO, 
occfrs/onft/  ioo/^e/'S 


So/f.  6ro  wr7/3h  ■  ^r-ry, 
3tffy.  C£AV 


Sof/,fray.  CIAY 


££  un 

fm/r/y  Scft  grey,  s/iy/tf/y 

rt ,sa^  ^rmfe/fy,  Ji/'gA///  3i/fy.  C/AY 
'/ery  campacf,  /jref.  3//ghf/y 
cfmyfij.  s..gfifi'y  ff/ws/'y. 

bocf/ef^r-s 


lS.(i  \ iLOLB 


Soff.^reysh-  &rown,  s/'gA^/y 
smrtefy,  '''gh^/y  si/fy,  CiAY 


fi  /JJ.f  ^ly^^ 


Sof':'.g^y.  C£AY 


Arto/y^nes    ofoi/erburd^i^  t»r€    6-33*i<f 

Qrt  drty  aamp/es. 
£/9iration^  9r^t>9sed  on  o.s.o.c>    datum 

M    'L    1912 Qdju;.tm9-^T 

tfo/es  numinered  //•«*/«-/•  Man  DfSOO 

T-OOO-a  denotes  S^ d/«mefor'    /land 
suj4r  hole%  t'^ref'iAivf  orno  re':o¥er</ 
jr  i  ci1end*i-j   -y  ha/'d  prohtf>2J.J^ob;'^j 
mbJe   ^'jith  V-»r'jd  drit'G/7i'^i»i74*:/e^j'^ 

f*00  e/e/io^  ric/f-m  a** probing  p^n^tr^'-an 
r  r'^e/  o#/-  /,ou.r 

4ee   :h«ot  fThNo  MC'P>-^i*  fo''  dtfi-'np-*' 
*ern>  3. 


I  r/airfj  cemp»c*,  fray,  sfifhfiy 

— )nJia^\c/ayty.s/,ff,//y  gnrre/Zy,  si/fy  S9/V£>. 


ST  LAWRENCE  RIVER  PROJECT 

LONG     S/AULT   C^NAL 

RECORD    OF     FOUNDATION 

EXPLOBATION     NO.    9 


PLATE  in-23 


WAR     DEPARTMENT 


CORPS  OF  ENGINEERS, U.5./\RMr 


DI6I0 


D-I6II 


D-16i2 


D-I6I3 


D-I6I4 


T-ie/5a 


T-lfel6a 


T-ISI7Q 


■umJ — \ju.Jtt3tf 


j///'///C  j>»/»V/,  s//fA^// 
j://y  CI  AY 


5o^f.9rvy-C£AY 


e 

gre9</9//y.  C£AY 


'     0r»<^e//y,sif*y.  SArfO. 


So//.  9/^y.  CIA  y 


Sfifhfiy  jstnt/y,  s//fhf/y 
Si/fy.   CZAY 


Sort  ^/-ffy,  CLAS 


'lahtfy  jondy. 


CLAY  :^    J         / 

Soff,^raKjZ^fh^l/~sandy 


'orx/y  ^ety  j>fty  ClAY 


fopicM  up  of  44s 

-■laoo 

I  '3^0 


JsiitisiL 


-yBJAX^oft,  broi^/j,  j/,^Hy .jtmdy,  j,//y 


<tt  to  fa'rfy^oie,i>ro¥vr»Ash  - 


'MJ—£  "ttO 


~sor,dy,CLAY 


T-I&iaa 


Foirty  firm  brotvm^h- 
„'t>^gra/jl/l-f  CLAY 


Kefujol  0/  70  ft  |*«''*»| 


T-IGISo 


T-ieaoo 


T-l6glQ 


T-l6^£o 


CLAf 


Looje,Oroi/i/n,j/iQhty  yi 


I  ^o  jo//  kpicft  i/pbe'ow/ZO' 


_L'J60O 


T-iegjp 


£t 


T-IGZ4-Q 


T-IG250 


—  I  |1  /y  orot.-'ff//jf  ^//ph^/y-iond'y.  P 

- '  1 1    croyey  ^/l  T 

|l  i^e/ujo/  Oft  grafc/  ^a   I 


ni^^      F  •aoO 
•ISO 

'/so 


qraw^s/Zy  i^er/j//f/  SAND  \ilC^*'^^(/-  ^""Z  Ji^^y.-^AA/O 


Y^^ 


Ref</ja/of^e 


\Re^i/ja/o/-'4.0 


a  ti9.7 


No  jample.  oppartfi^tyo siffy  ClAY 
Fo'ir/y  Cofr^>act  toroi^nij>7-oray 
^'f^/.^ra\fc//y  JAA/D 


.iLiL*A..J- 


•  I30 


»  e^*' 


_£!£; 


Til626< 


IiIG27q 


T-l£geQ 


T-|^29o 


T-ieaoo 


T- 1(231  Q 


T-|£32o 


Looje,  fiAO#v«  ret/  jvndy 


f"«*  TQp,\Ot' 


^1  1  a '« 


^o/r/y  jo//;  Orotv^ijh      . 
^loh/iy  ^andy,  j/'^/>/// 
c/ayc}    SfL  r 
Re/t^jo/  on  ^ao*^/ 


;r''"^ 


•sondy.  c/aymy^  3/LT 


■'4*c^  Jo/i*  o/-tf/  CLAY 

1[  Too  jo//  /o p/cA  upbe/oifAXS' 


Wo  ^omp/ej^  apparen//y  a 
Uof/JtLT  and  CLAY 


So//;  ^Oiv/f*j/t  -9  nay  s/'g/'/A'-S^ 
jandy  J/IT ond ClAr 
foir/y  jo//,  t>rorvnuh  -Q'O/, 
jhghHy  jOf>dy.  Jh^/f/// 
^ra^^^Z/y  J/L  fond  CLAY 
R^/ujoi ort  ^raife/jOi/^e, 
and  probm 


S 


Soft,  broi^n,  J /* 9h//y  jandy 
clo/e/  JJL  T 


So//  f^^y,  jZ/fh/Zy  sandy      f= 
I   jl'^hrly ^nat^f/y^  tfefyji/^  /c-al 


1  4£i3x/l  Tbpjqr/ 

•So//,  b/oyvms/^-oroy.j/igh/ 
ndy  S/l  r and  CLAY 

/^e  /osa/    or)  touZdvr  0/    ' 

/BOO 


*i$7^7^  ToQjoii 


Foir/y  jo/t  brottvmsh  -^lay 
jJiyh//yje7^dy,  yery  c/ayfy 


I  '^ojo//  ta  f3ick  ypbe/otvf-SS' 

'/eoo 
•laoo 

-SOO 


Pcj/Jed  rodJ  t^ery 
eaji/y 


-It-  p=|£Jlf,     Topjo,/ 

Foir/y  jof/  (jrorvn-i/}  -amy 
SfLTe^clAY 
Ci-iJtLLJ  So/t  bro¥vniih -a/ay  sondy 
"^^^^SfLT  S  CLAY 

^>,^s.  s^f/.9^^yciAY 


NOTES'- 


\.ltl9U.   . 


/  'jaoo 
'Tj'jdQO 
j:j_300 


PcjZietY  rodi  '■e"-/ 


/9/)j/y   «:>    of  ot/erbJt'Jen    ore  ta-nJ 
.>/*'  '//■/    ^arftp/n^. 

M  5-L  19IB  Qe(J 

Hoiez  f^un^tercd  (ffeoier  than  DiSOO 
rJrilltid  wif-h£V  C93inj- 

^ — 9  di^notcs    S'J/9/tte/er  Zia/x/  ai*^ 
/Tu'/c.i  tOffffuiJ/  or  no  t'^QOi/sry  i^tie/ 
^.<rc.hd9d  tv  hatid pra^tnq-  /^tobit>Q 
/»jc/e  »»it/>  W'rod  €^r/i/rr>  wifh  /4^  :/eJ^e. 

'^•00  denotes  t-a/e   of pro6in^  ptryeirofian 
in  fee/  per  hour. 

See  jA««r /7/«  fl/oyi-O/t-^4    f^r  des^nt^t.^* 
ferms. 


TRA.ir  vr 

RSE   l.;pRCAT.r    t.: 

DRDIN-TEC 

t-J    NO 

r  K^r^r. 

E^il 

HOu  NO, 

NORT.- 

L/5T 

"vi  ■, 

/.«'«,«'.'-v 

lesaci:^ 

r/$l3a 

i.au.S)t.B' 

ics.in.as 

Old 
D1613 
yei4 

,  l^>6.C'C.7 

Me.K  — 

l,eu  74t.9! 

JS3.  ?4S  99 

i,i>a,tn.f 

3a6,StT'-' 

pen  a 

i.ef.ieoK 

)S3.ei3.Tl 

ieiat.  s." 

3es.eo.-  •■ 

r/efs  . 

i.an.naf 

3f>.e'!as 

<f«'*-  y 

aezjea- 

Tieic  1. 

1^1  J, tec jc 

3St.?i'-  :-^ 

l.tli-IOi- 

iMlUll 

Tien .. 

i,ei/.sf7se 

liiei'ie 

:  Ida . 
-  leiz  . 

1.IV.SSS-. 

SJJ.SO&O^ 

Tieie^- 

itais.01141 

JS7.S032? 

J>7,f!ce- 

~ieii  ^ 

/.ai4,s$ix 

3ea.o/ai^ 

i.aie.aMi. 

3n50f4 

■'leso.-f 

/.eis.iii  f 

3(?,)eijr, 

mass." 

,   1631  .. 

/,ais,4ei/i 

jse.tJiS: 

X'JSfCJ 

^rieil  , 

I.B'S.illCl 

3u.i)i.ir 

i.ei4.secc 

JW.777  7.- 

< 

1 

5T.  LAWRENCE  RIVER  PROJECT 

LONG    SAULT   CANAL 

RECORD    Of    rOUND/\TION 
CXPLOR/ATION     NQ  \0 


SHEET    NO 


U5   CNGINCeB   OFflCE,  MAbSCNA.N   . 


;^^^£ 


IMC-A-2/23r" 
IriLE.  NO. 


PLATE  m -24 


WAR        DEPARTMENT 


CORPS  OF  ENGINEERS. U.S.ARMY 


T-I&330 


^ 


gror  shqhflf  zondf 

io(t  qray  CCAI" 
fj^^Too  jrtf>  fc  hold  i>rlon  I. 


I635Q 


3of/.  Orotvni^n-gro/  jtqhflj 

\jandr  jura  ClA r 

No  jamp/^^  -  ffeporfvd 

>^7y  c7a^y  J  fit 

L  OO Je^  frotVnrj  h  ■  jraj,, 

Refujol  on  grawef 


T-  I636q 


T-IG37Q 


T-ie3eQ 


Soft  hro^nnh ' g/rsy jli^fh 
^a^/,  31LT  A  CLAY 


•  l&C 


a  raa& 


_f  .-  /so 


gj^  Too  JO,  I 

Soft;^ro*vrf^h-g/T>x 


pfck  op  belo¥y  f^O ' 


=|->iLMA     Top  JO. 

oft.  tiroi,vnij^~Qfw,jJ'9fr^ 
r  JO'^f  J'L  Td  CLAY 

3 oft,  ^13/,  jihaht^/wat^l- 
ir.  jondy  ^ILT  S  CLAY 
Refusal  on  ^ra^e/ 


T-  l£,33o 

go      ^flfrT 


Soft,  ttrotynuh  -gntr  J^vA/V 

cfa^ej^AND  £  J/LT       ^  j^ 
ffe  fiys ol  on  ara^l 


T-  IG40o 


AMgU-Vy///  jondy  ¥Vry  clayy 


T- 164  la 


T-Ife4-2Q 


T)£4-3o 


T-IG44-0 


T-I£45a 


T-l£4.Co 


T-  l£47o 


y-\i,48a 


jandy  i^ry  r/aymy  J/L  T 


^oft,  t>roi/>^f7/jh-gro/ 
5/,t7/i//y  jondy.  5ILT  oryd 
,  CLAY 


Jieffg^a/  CLAY 

J  30 


mB 


•yozm  Topjoi/  _a. 

3of^,  t>roiVf},sh  -gray M'^f'^^ 

ST  " 


ro,r//  .soft,  egray  CI  AY  -= 

Soft,  gray  ..i /ftyhtfjr grtsi^-      \ 
'r  .if/ahr/y  jondy,    ve^Y 
'   -^V  CLAY         '^ 


fr'e/c/j  of  on  aroyJS/ 


^I'itsj  Top  JO,  t 

•Soft,  £,roiAff/,jt>'^ray  s/,ghf 
JY  joody  ^/LT or>d ClAY 
£LtizAj^7t'^^y'j//fr  CLAY 

^^^^^ ^—-^         ^  iM. 

J  ft  browr)  iz  ti  -gro/^3/ight- 

fi/^al  on  qrayet 


i^ii*a,    Tbpjo 


21  on  an 

F  -170 


e>ec*3       F'SZO 


CLAY 


_  ovX*  ,S/LT' 


XFatr/y  so/t,  grat^jf-gf^t//  ' 
Ijo/^y   >/er^r  J'lt-y  CLAY 


3c  ft  gr-^f.  CLAY 


JoY/^  g^-ay,  s/ig/y/Jy  jondy 

f/ygray^/fy/jfira       ~ 


^j<^a^  Top-so,/ 


irly  .joff;  i}ratfyf},jf}  -y/ 
hySHy  sandy  »^ry  cfay 


^]<rZMJ     Tppjo,/ 


M«M 


'0/9- 


_f-330 


•n,  jfi^hf//  ^if^y 


'     ^  o/fo/iyf,  CL  AY 


at  = 


^ifu: 


/fr,  '  v Ud  JANDS G/fAVfl 


>'  J  GRA  vet. 


rair/y  compacf;  brotvn^  j//ghf/y 
jsandy,  J/trj  CLAv: 


^of  K  Oroyvrr,  j/iyhfly  .londy  CIA Y 


t*V  ioffb/uc  CLAY 


'Bu-shffd  ro(Js  ^0ry  eaji/y 


T-lfe4.9<a 
~SSzczn¥iHt,  Too  J 


T-I£50o 


j/ightiy  Jiffy 


'pact  t>ro^^n 
sf'ghtfy  silly  ClAY 


Soft,  tfi/e  CLAY  Shells 


niMS^Joo_soft_ft  p''  h  up  be/o^30.0 


i    ZfO 
^j^f'^d  rods 


TRANSVER5E    MERCATOR 
HOLE-ri 


T- 1(551  Q 

on F'  'fti  a 


T-IS52Q 


-1653c 


T-I6540 


Ji'fy  CLAr 


ft  blue,  CLA  y 
f.  CfarCLAy: 


ttli^    Toojoil 


^  rt//-/o  p,c/  tjp  t3eta.r&0    t^Er 


■Ml 


'hyhlly  j.Ify 


_    ,n,,,,Jcll.ci,nf,zl,3l,llyj>,lly  CLAY      j^  —  ^°  Jp/A  i»/ 


3oZI.  yroy  CLAY 
f,_/«*t  Ton  ,iollht>''c/i  up  OeloyYi&O' 


-CtLi^*  Topjoil 


^, t>r-OiVr>,Jl/yl>l/y  Jtlly 


„  .is.a  ^oft  bro^vfj.  jIfQhIly-ysndf 

_  ^^^  zlianilr  jiily  CLA>^.il.el6 

~..\  Yery  joll blue  CLAY 

j!:/faroy  CLAY 

U/i'Ch  ufi  belafv  13.0 


_NORTHn     TaST      f 
i.e't.STJCii',  }eT.?ic.so'i 


COORDi  MATES 


i.e't.ccata  '  J6!.f:css_ 


i.tu ft  fa 

i.an.iss  is_ 
i.ajt.ss'/a 

t,atd,5n:  r<: 
i.su.isi.:-; 

i.an./ji.ir 


)_eo.3isce 

j3ei.03/.T-1 

lis  SIS.:  7 

JS9.96f  7j 


Tl(44ii 

ris'Stt 
rietSa 

71648:1 
rie49  T, 


TI6SI  a 

ricsi  3 
ri[n  ^ 


1.314.9^6.46 
ltei4jSf6?C 
'/.'8fS.C48.9€ 

I.8I7,7SZ64 
1.818.198.34 
1.811.872.01 
I.8i8.!'9i  ?S 
1.816.411.07 
1.81798137 


si 


Pt/jhfd  reds  <^a.sify 

afC40  /?ffftaa/i7/- 
S5Z 


-diu^  Toj3JOif 

Ydirfysoff,  trot^f),  shtfhffy  siJf/^ 
CLAY 

Joft^gray  CLAY 


"^"^^^IToo  ■,oftt^p,ckupt>cfo^vZ^.Q 


g/-#7f    f'tZOO 


fino/ybeS  of^ooerburdQn    9r«  based  on 

dry    sa/r  ^-/es. 
eievQT.ons    are  baaed  on  USU-S.  datum- 

M.C  L  I9l2adjuaten9,  * 

Mofas  numbered  ^rc^far  rfton  p/SOO 

dri/fed  with    Z^    ja^ir-j. 
T a    ueno^vs   S'diamefer  hondous^f 

fJO/ei    to  rcfU^-il    or  na  rcco\/ory  . 

SM/cntf^t/   by  hand  protuny-Pr-t 

moi^e    '*-irfi  "v^'roj  dri<fAr    wifh 

sfedga . 
f'OO    f/enotC3    nm*9  of  prob/ny  prnfCtntho' 

in  f^ef    D»r    hour 
See  %h^tt  n/*  f/o.AtC'A^/4/'or  d<r  jcr,fit/t/i  fvr/js- 


r-obiqff 


Pe/shrd  rods  sas/f/ from  33.0  to 
4^S,  yary  hard  to  4SS,  no  ra/usa/ 


I      EAST 

^3SS.66rie 

359./e3-57 

3sy??3e!   J 

J83. 045^8$ 
3eS.64/J4 

364.Z34.bS 
'  384.153  7? 
^  384.e7TSZ 

3e4.7Si/r 

305.44/. /9 
,  S'BS.SIS.SS 


3T.  LAWRENCE  RIVER  PROJECT 

LONG    SAULT    CANAL 

RECORD   or  FOUNDATION 
EXPLORATION    NO.    W 


PLATEUI  -25 


WAR     DEIRARTMCNT 


CORPS  OF  ENGINEERS. U.S.ARriy 


T-lfe55o 


il.^hllf  ^ilfy  CLAY 
CLAY- 


T-l£5£o 


TM^azs 


T-IG58Q 


T-iG53o 


T-  I66Qq 


T-l6felQ 


T-lfc&gQ 


iOCJ*-,/'' 


'>6cr 

'9CC 


^*  J-40C 


3of^  gray.  CiAr  _L 

T&e  soff  /afircM  i^t^to^  /9C       ^ 
3&OC 

lecc  i 

90C 

f-sto 

36C 

/'t/.ihpci  rceiz  r'  -^ 
1    ^54C  i^f/  hi?>d&Uc 


Tbpjo// 


\f.is>  I  boosts  9^0/,   ClAjf 


ffop^f  <^£>'/'^>v  /S  O  J 


enjif/  ^o  SSt  O 


7o/x/o// 


iMS^Toc  soff^ptcM  up^/oiy^ 


■^'**i  ^v/<  /£?aj«f  :>rervr>  ~i//^/>///  "■ 
I  jg^^K  ^ILT&  C^AY 

Zocoe,  <yroy^  CLAY 


•  leoc 


.„^s  f'/eoo 


eas/'/jr  foS'^O 


jondy  j/'p^f/y  ji/fy  CLAY 


fu5  »>sJ  rods  foit  1^ 
ea^i/y  t-o  S^  O     * 


LpUi?! 


^'K  gro/,^h^hf/yji/ty  CiAY 


•Soff.Che.CLAY 
TbcjoffJop'cM  up  befotY  eZC'^^ 


3of'  iHuc.C-AY 
Sli^l!\'^^  CQvmq  .n  of 


si,chy 
"  "*■' 


Foir/y  ■^oft,t>ro¥vn,3tt^hNy  j///^ 

Jo//  lyray  CLAY 

Too  soft-  hiptck  up  t>fto>v  £OtO 


_£_'  I200 


fished  fodi   *c  43.£ 


T-lG£3o 

-  -OJZU 


Mar 

auat — 

jjol 


-lz^H^^J^^  ThpjOi/ 


T-\Q,GAa 


Jof/.  br6*vn,  ifighf^/y  jondy. 

j,/fy,  ClAf 


^o^t^ra/.  CLAY 
■»fcW  "^oc  3af/  f«pKA  wp  e>ciotvffO  O'  ™,  — 


Veiy  ^oft  b/ue  C/AY  JAe/Jb 
Too  io ft  topic ff  up  be/otv/^O 


-.    »i,»i.      F'4SO 
"1    pi.i**i C±SiO 


Hf3hedrodi  foir/y 
eoj't/y   to  3^0' 


T-l£&5o 

-uxJi^     TopsotI 
Fa.rh 
CLAy 


(,  ^    Fair/y  soft,  bro^n  CLAY 


SQff:i?iu/^h  ^ra/,  CIA  r 


.r 


Pujhed  reds   fa-r/y 


00 


=j  Ti-iixl    Tnn  ^n,/ 


^off,  ^r<7^,  CLAY 


^,/fyCLA^ 


Soft,  <}ra/,  CLA  y 
I  M''»''^|;6<ijo///t>;t»c*MO  txh,y/90 

f<i.,j     F-ISOO  3 


_f_L900 
■  '.'//  fo  lis 


T-|££9q 


T-I£70a 


ClAK^hrl/s 
'cAi/p  bei  tv  'SO 

f_-3aoo 


zi//-    fo  i 


T-l&7go 


Fhfr/y  SOF/,  brtMvn 

^o^  zilty  clay' 


■yndy 


■7/  y  CLAY 

offhp  -A  up  t>^/o>y  '&0 


I  [So  jo//  h3  p 


■^ 

r,,..,f-JkO' 

u^       _ 

«...  f  •le'-r 

.ii^r  - 

—  \B^Ai^-3C0 

"JX 


ioft.broifvn^shahll/  jondf 
i'lt/  CLAr 


pick  op  b^loty  110 
3&00 

/eon 
iroo 


Lease, brofvr.  uni/or/n 
(me  /o  me<iit/fn  3AND 
Sofr,  £>rowr.,  _■  /igh//y 
^  Jondy,  silly,  ClAV 


T-|£74o 

"    I  I  I  Pii'  °.  tooie  Di-civn  jlighlly 

— 1  qrcfrlly,  sura  SAND 

\Tfefusa/ 


T-|£75q 


T-|£7£o. 


znfr^h-iisIjLs^/i  ciAr 


TE=i 


^o//  <7'''^y.  z/'a/}^/Y  sandy 
<^ra^e/y',CLAY  '  ^ 

ffefu^rt/  on  ^ran^ei 


Top^Oit 


jr/ '»^£  jo/idf^  s///y    CLAY 


^  igm^  Topsoit 

So/f,  £^rot^-r7,  jf/ohf/y  jarxfy 
s//fy  CLAY 

CJ*t£ 

^o/^groy,  CLAY 
\fco  :i'off  trp-cK  upbelonv  HO       '-"nhp*^-^^^  Tea  -itf/)*  ^e p/cJi  upL'e/PwfS.C 

f^     


Ji3/^  i^ray,  j/i^i'/Zy  jandy 

...«  Ji/fy  ClArr  j/iellj. 


Nores^ 


:   tai.QcI  ( 


/jfjia:? 


-/eoo 


ft   /bTB  /- 


F_-/200 


^r  tit/^Ti*,   of   O'^erburdan 

dry    sampl^z 
£le^^t/ot^s  ore  /bosvd  an  US'G.S  dat<J^> 

MSL.  1912  adj. 

No/es  nunnPerec/  pre&rer  t/iarr  PfSOO 
dr/Z/edi^ifti  £>k  eoSinj- 

7= a  deriofc:^    S  d'jrr.^f  ■/    f.o'  J  aujer 

fio'tii  to  rrTusj  or  no  rsz^'^rj  and 
Ctt^n^uJ  6y  f-^rtd prob/'fifi.  A^o6'/'^ 
modsjutff'    v  '•-.'    driir^r,  -virh   r4  vW/^ 

F'OO    d^/-o'ez  rstti  jf-  fi-^t   n^    ftnt,rra': 
//f  -eifft  par  hour. 

See  i/riet  f7/«  ^o-MC-A-Hf^r  de-.r/ftiyt     Tv/>  3 


i 

TRANSVERSE   MERCATOR    COORDINATE 

5 

Ihole  no 

NORTH 

i,sie,S!s.o2 
i.en.eaiii 

EAST        IHO^r  NQ 
Jat.oiin  V«6  7» 
iaa.icrn'j    \Ti66ea 

NORTH 
i7ai!.tab79 

EAST 

[J'S.'S:, 

3et.l96.S0 

rr/««i 

i,ei7.a7s.5t 

jneoi.46 

riesT.i 

i.tie.iem 

lae.sse^t   [yiaee.. 

l.ll779S4t 

3tiiesa  J 

rista  , 

Lsia.eio.ie 

3as.ase.li:     Tiaro, 

I,ai7.7ll.30 

3ai.':is.7i 

lr/«3a 

i.fe.sit.iT 

3Bi.e>4!ii    hieriB 

l,sn.ios.60 

37S.07I.03 

r/«fo  ,1 

i.ai».ii99i  :  laiiiss!    i7-/«7/» 

i.an.Cd.S! 

37e.t79.!e 

\7lZ6t  a 

i.t'eecios' 3»i737ir    ,//«7i* 

1,116.7111.91 

316,70!  14       1 

Jlfit .-. 

i,eie.!ciM  1  jaztsf.71     '  7/«7/» 

i,aie.4$s.si 

S7S.Sfi.lf     1 

\riecs  a. 

i,aieti:.if   1  lai.eti.fc    X'lciss 

taie.ise.oi 

374.33$  4(_, 

hieu  3 

i.eis.yx.n   \iee.aesat    jisrtt 

I.OI6.I97.06 

373.741.01 

Yi'lti"- 

i.aia.issi:  i  Jtf.tia.i7    1 

, 

Visit!. 

i,aiB.oaiM 

jn.7sa3s   r 

51  LAWRENCE  RIVER  PROJECT 

LONG    SAULT    CANAL 
RECORD  or  FOU\0ATION 


EXFLC- -NATION     NO.   12 


PLmTE   Jji  -26 


=l^m^     rppsoil 


Foldoui 


Here 


T-  IG84-  Q 


Foir/y  Compact  9''°/, 


^'^°"''r,'r°'^pocf:  .pray. 


Jo/^  bluish  gray^  CLAY 


F_ijeoo 
r^soo 

I^ISOO 


-  \l-ooJc,  brown,  uniform,  ^A  NO. 


•So^t-,  ^ray^  CLA  Y 

Too  ^olUapich  up  bs/^»  ,i,o 


♦ 


♦ 


.6<S 


TIG3IQ 


ytilSJQ  lODSCllI 


•5/i.T and  CLAY  ■" 


T-I£32q 


ejS7=    ^o^/;  9roy,jh-brc^r,  r-  I 

^e^'  -^oftaray,  CIA  Y 
\Jpo  5oft_  YopicAcip  bek>v  13.0 
_L:3&00 


Tbpjai/ 

L  oo  je  bro^n,  Ji/Jah^Jy  ^, 
^and.  -^      '    ^ 

^c/g    cairi'r^^  ,n  bs/arlr^} 


CI  AY 


JL'Zio 

£1  liS-i     f  -.^rkr, 


-SJi^J_£_-300 


>4-a 


AC  r£^: 


'^'t-7,Z%    "^""^^^   ^""^'^"-'eten  hand  ^u_v^,.  f,,,,,. 
r^^np  p.ab/ns^  Probing  !?,sde  ^it"7/r.^  "^ 

^'°e/hcarr"  ^"'^  =^^-.i/.iy  p.neir.r,:r,   ,n  ^..^ 


WAR     DEPARTMENT 


Tmea 


T-lfe73o 


T-I660a" 


■MSflifl 


T-  16820 


Jeff:  £>rotvr>.  s/'i^hi^y^ch/- 


Jo  ff",  broi^/?,  j/iQ^fJf  jartd/ 
Jf/fy  CLAf 
So  ff  Cjray,  CL/iy 
^'^ry  jo^f;  tifuuh  gray  CI  Af      [ 


^  Tfl^aoA      7O0JO// 


Boff,i>ro*vnfsh-yrQ/,jli^hh  ' 


CLAY 

Tap  ^off  f^O  pick   Up  be/o  1^  tlO 


tH  Top  JO,/ 


Jo^t  tsrotvn,  ^/ight-ly  Jartdf 


oft,  £>/vt^hpray  CI  AY"  -jo 
'  top^ff up t>tht^ IPO  _. 


fO'r/jr  compact  brown  - 
ijh  •  griar,  -ihghHf  ^andf 
3/LTS  CLAY      '  ^ 


ro-rh'  compact  (proy, 
\^liQht/y  jondy.  s-lt/.  CLAY  ' 
Vary  ^oft^^ray  CLAY 

Ihojoft  fo  fi.cA  upbelot¥  iSOi  - 


T-tfe83Q 

.fia-  pinftUPi  ,     Top  JO 

fo'r/y  cory>poct  Q^ay, 

^haht '       '■  <- 

a-ta^i  CLAY 


T-IG84.Q 


jona/   •5fLTof9& 


\js/-ght^/y  jondy  st/^ CLA 

■^oft,  bluish  gray,  CLAY 
SrJfeiTOgi/bo  soft  to  p>c/c ut36€fo\ 


XBJM<     ?0/M0 


^e.bron/yrt^  wniform,  J>4 ND 


•Soft,  bro^nj/ianf/f  jarttfv 
H/ty,CLAY  fJt>m/Js>  ^' 


'jeoo 

2.900 

j.ieoo 


Jo/;^  gyoy,  CLAY 

'^'-       "tapic/ri/p£)e/oiv/6.0 

£_'fSOO 

~     7PO 

■  450 

5IO 

400 

_4SO 

r  -s/o 


T-IG65Q 


/b'f/y  Joff.  brown,  j/igtyf// 
■~^dy.jf//y  CiAY 


T-|£6<5o  T-|£87o 

Soft  b/octc,  3/ight/y  cJby^y 
jont/y  J5/Lr  (^e^tfatton} 


T-IG860 


T-I&83a 


"  '"  *]  Ver^  jiif  lyro/,  CLAV 

Tcojgf/  fr  r/'rA  up  i?e  JotV  t4t>'  -il^~ 

-    JiOO 

IBOO  ji£j~ 

f  _SOO 
"    ISO 

'Oo 
7^0 


^^r..w.j  ropsnil 


J/o/f  brorvn,  jliyhfljr    sandy. 
^./'fyXLAV 


Too  loff  /Dfl/cM upbehiv/e.O' 

mJ  f-3&00  ■  ■ 

^  laoo 

izoo 

TJ^oo 

<ioo 

£±7lO 


I  TODJOI/ 


olt^brotvn.jli^hHy 
3andy  j/Z/f  ClAY 


Jondyj,'f/,CtAy 


'-ri.'X:,  I  J/i. 


Jo/"/  ora/,  ^andy,  CLAY 


f'.fi 


tini.t    F'SOO 


jitd^jJiOO 


T-I£30o 


TIG9IO 


rair/y  ^o ft,  brown  sfighf/y 
^J^o^ay  ^/LT  one/  CLAY  ^ 


Soft,  grayuh  bro^n,  j/iahtfy  ^^-^  I — 
'    J'^f^yCLAY  Jfy^/ii  ~^^^^ — I 
JondyXLAY  I 

■3icH  up  be/otf/PO        1 

F  ■  3COO  ' 

yj>  /SOO 


Soft,  grayish  brctv/7,  i//^ht ' 

I     Jj^^m°l^y  Sondr  CI  AY  jhef/s 

'"   y    Jrfti  gray  ^/iqhffy 

■d/  CLAY  Stielh  I 

^o/t  Ao pk:h  up  behfv  /20 '      I 


T-l£32o 


ondy,Cl.Ar 


fjjtti  J°'^'?  a--o  »vn  ^  hah  fly  Mltr  ClAr 


s^^brotv/},  j/igfttiy  y/rjk'ct/y 


T-|fe93Q 


T-I694-0 


T-I£.35a 


T-I£36a 


T-  I&37Q 


T-|£38o 


^c'f,  ortry/j/]-t>n3*vrt,  Jond/ 
Cl.Ay'j/,a//l 


IIkco jci/  Icf^fi ufibefotrSC 


.. .c/orey  .sandy.  J/lT 

Kr.-s'ifySANO 


Jo//  orayijh  bfokvfij  jil^y 


rn 


'"  Soft,  grayuh  broy^r, 
>  j/tghtfy  Silty  CLAY. 


-iii.*Topj, 


I  P  HVil^ '  ' 


03 


n^ /^o,r/y  cofnpoct,^/yhf-/y     .ai^-LJaieLi  ^>4/v2r*^e/2    ''''^  ''^ 
grcy^/tjrjo^d_y  d  A^  \  Au^rcd  fa  ^ode 

Augured  ro  ^radc 


Jas&f 


Jo/"-;  grayfjt)  -bro^ri 
j/>^ht/y  jf//y  CLAY 


VD   She/'/j 
\ug£fed  to  gmd^. 


SStb: 


Soft,  <Sr°/' 


fi^"*^  -^andy    CLAY 


ih  bro*vri  j//f/ft/y 


Jaf/,  gray,  zligbf-fy  grayet/y, 


'/-,  gray,  jf'fhffy  sandy 


5of/;c, 

CLAt 

f^o   .sampfe 

A  t/f^red  fo  yrodc. 


fry   S  J  mplei, 
rt  M5L  /9/iot/j 


Malta  n^rr^b^r^d  gret/ttfi-  fhar>  UlSOO  tZ/v/'/tJ  wy  ^* 

&^' casing 
T'  -— a(     d^not^i    S"di3f'i*itKn  har^J  ^^<fcr  baf*- 

ro/^^fUaa/  orno  rncaytirjf  and e>tUfia«J    6y 

nand  probing.  Pmbmy  n'tad«  with  Wred 

dr/ymn  ii/'/A  / 4* sludge.. 
F-QO  donot-vs  rat*  of /orobtny  penetroY/An   m  /Wcj 

p«r  hour. 
See  9f}W€i'^''^f-*>Ji'C-»f'*'/4fbrdf  ;'//*V«    ^er/,,3. 


TP.Aris  /; 

RSE    MlRCa-Tir    C 

JTRUIilATES 

HOLt.- 1  n. 

NORTH 

EAST 

HC  ^E-  NO 

NORTH 

EAST 

r'677  I 

/.BIS.OSi.K 

j73,iss.se 

rieeea 

i.eii.iea.47 

3Si.0't,.iS 

r'67S  n 

l.eV,33S.K 

JTt.SSiJl 

tisasa  ~ 

.■.Sii.j.j.^e 

36S:7?S! 

r'(?9s 

/.t/S.e9€ll 

J?/.S7J.<7 

TI630i 

Sit. '.'(.03 

j:CSOa 

.s  S.79&31 

JW,///7S 

TI69IS 

Ktis.mte 

36e.tn.ii 

Tice  1  s 

i.eie.ois.it 

.in.J7/S/      - 

r/este 

t,6H.i7e.5' 

364,  tecs 

Ticeas 

i.eic.fii.il 

J?0.79C7e 

TH9SW 

i,an,53%ei 

364.C!t4i 

r.'cs>  s 

i.ei:.}Sij? 

J70./9}J3 

rr694ff 

/^I4,J7S.6/ 

363CS.:  1: 

r.eii,3UiZi 

370,1611! 

Tiesfa 

i.an.ios.ii 

3er,i£7.^: 

it».siui 

resCs 

Jt8H.30l.90 

361,773.^3 

r/eec  . 

'.S'f.4erer 

je$,sits$ 

r/es7g 

,I.S't,4t/.}ll 

se/./ee.s; 

ir'eaTj  ■ 

I.eH.iOTS! 

xe.a79.fs 

t'ise^ 

l,aM,4tS.I3 

SS0.S3C.7e 

ST  LAWRENCE  RIVER  PROJECT 

LONG    SAULT    CANAL 

REICORD  OF   FOUND/iTiOM 
EXPLORATION    NO    13 


^1  »TE  m-27 


>/vMR    DEPARTMENT 


CORPS  OF  ENGINEERS,   U.S.  ARMY 


T-I70la 


3i/f/  J  AND 


Too  jof^hfi'cA  up /^iktv 3. 5 


T-I702q 


T-I703Q 


i/>i}f>/-/y  ji/ty  CLAY 


Too  joft-  fofi/cM ufi  Oe/Oi^ioo 

„A,it  r,/soo 


T-|704-a 


T-I705o 


"/^  JO-'/*  £>roryn 
■and/  CLAr.  /s/o 


ly,  ^ii^hflyj'iHy 


xoA 


Sumf  Topjoil 
Li. 


Loojc  ,broyvrf,j/iohtfy  cJby^ 


T-I7Q6Q 


/■/>'  oo/^/^  $"'*'/'  '^'^'^  ""'^ 


^of^oray,  shahHy  .sondv 

3'it/cLA  r     ^         ^ 

7oo_ioftjo pick  ufibe/otv/ac 


T-ITOTo 


7-17060 


T-I703o 


T-l7IOa 


=  S:'i 


iSiiM  Topjoif 

Fairly  /aoje  tjrotvn.jfi^hflr 

ff,  bro^r>/^h  ^ray^-s/ifht- 
\ly  jondy  si//y  CIA  K 

I  LocK^e.  t>rot^n,  shefMly 
W/oye/.  5ANDondGf?AVEL 
\Loa^^^  broyyn,  .s/'qhHy 
Xcfayey.  j/Z/y  JAND. 


^-vaia^p^  TopKioH 


v5ofr,  brownish  gray  s/ihhify 

'-^dy  si/h^  clay:        ^  ' 


^o^'>p/e . 


"^aliiX  TopjOi 


^off:^tay..si  Ify.  CLAY 
■^oft  9foy.  j//^M/^/y .sandy 
^,ft/CLA  r         ^  ^ 

Loo  3€,  qroyijh  broryrij 

^AND. 

Aut^red  t>eio  »v  ynsde 


Foiriy  ^oft  brotvnijh 

iaroy.^hghHy  siffyCi-^^   :^ 

Loose.  Droi^n.j/i^hf^ly 
c/oye)f.  J  AN  a 


Compact  'f'^y-  ^^Ay 


^^^^^  Top  JO// 

\:i>hahi-iy  xindy.  j>//ry 


OM'  'prrsds 


T-I7I  la 

Fairly  jo^^  brownur, 

j//^f}//y  ^ondy, 


TH7l2o 
4fc 


T-I7I4C 


ibS£^  Topjo, 

Soft,  hrot^ntih 
idy.  ^ilty  CL 

CLAY 


7  foy,  V/;^/^ 


JiSji  Top  JO  f/ 

■So^t  <^^oyi^h  browiO,jh^h^fy 
^gro^ff/Zy  j//^h^//  jondy  sUfy.  CL  AY. 
~\Apparen^ly  Cobb/ss  or  jmai/ 

'  bou/de^rs. 

Fair//  cornpact  <prv3y,  ararel/y 

jso^cfy  CLAY 

-    330 


^  ►'f-' 


F'3IO 


T-I7I50 


T\1\7q 


jfc^^  Top  JO,  I 

pporently  /air^  joff; 
brown/ jh  f^nay  CLAY  No 

Jo  ^tbroyvn/^sh  ^rvy  jf/^qhf- 
/y  ^ondy  J//Ay  CLAY 
Apparcnf/y  conopac/^ 
brayrntjH  ^ay  CLA  YT 
-So/^/_  broyyn/jh  gray  jantfy 
ond  'proy^/fy^  CLAY         '^ 
^e/ujgf  en  ^rawe/- 

zoo 


Top^o/'l 

Apparently,  brrjpyn^  /ooje 


T-I7I6Q 


T-I7I30 


T-I720Q 


^/>ghf-/y  cioyey,  grat^/y      ^  ^    

<^ra  tre/ 


'  Too^G 


\pporenHy  jondoryt/  Foir/y  cornpaci;  brot^/n  ■ 

clay  -    coDbfe~s.  No  jo/np/e  uh  g^oy^  j//^^Hy  JOndy 

No  ^arnpM  l^\~^^7^Aooa,snHy  ^AND  and 

■>,  J/Z/y,  ^A/^Q       r— ^p^"""  i^  OPAyfiL    No  .jarrypM 


1  TCum^  Tbpjoi  I 

1  \Apparenf-/y,jand,£^ra\yel 

-id  CLAY 


Looje^bram/n 
SAND. 


iiform. 


■so/idy  y//^*>^/y  grai/v/Kt, 


_F^ZO0 


flua/yses    of  oirerburdon  or^  bsse-fJ  on  dry  s/rmp/a. 
£/eyoAons   are  bosa    on  US.G5.  cfn^Un^  f^^TL. 

19/2  adjustment 

tio/as  nurn&or-ec/   gr^sfar  fi?an   OfSXiO  drilfed 

With  X'k'ca9/ny- 
T 9     dsnotes    5' diam^f'^r  fiif^t/augor  bolc.i 

■h>refUsOl    orno  recovery    sr^d  ent-ended  by 

Probing  mod9  wi^h  ■V/'rod  dr,i/en 


F-OO  d«note5    rate  of  probing  penefrsfion    in 

f^ef  per  hour. 
5«e  s^ee;'  File  IVo. M-OA  Yi*  fbr  descr/phV^  terrr>j. 


r/706o' 

rnoBs 

T>709a 


ST.   LAWRENCE  RiVER   PROJECT 

LONG     5AULT   CANAL 
RECORD  or  rOUND/\TlON 

EXPLORATION    NO,    1  + 


SCALC.  ["-rort 


J.SENGIN_eeR    OFFICE  ,r-lAS5ENA,Ne 


CfiRutLRr      1342 


Plate  iir-28 


T\n\a. 


T\lZ2a 


T-nzio. 


Tmi. 


TI7?^^ 


TI7^7» 


TI7Pfl^ 


SAND  n^  ^tfmo/m 


'Sou/f^er. 


'  _  <7A'>q  ViTZ. 


TI729. 


TI7J0« 


TI73U 


■1732. 


-1733. 


TI734. 


T-I735« 


srey  ClAY.no  sofnp/e 
9  '^ecovtfy   6»/o9^  Af.O//. 


ei  ie.\i      ^m  meio 


na.. 


sample— 
■o/sh  ^rey.  -^^- 

'    recovery  ^e/o. 


0.0 
fi/orm.SAND. 

4irr 


loose,  i>ro\ 

T 

ili^^gi^  sant¥y.  S/IT9  CiAV 

gjj^a^  Very  soff,  6/t/e/sfffff-ey,  C£Af^ 

S\\-£l./a6.i     f  T.JSQQ  -it^ll 

Mt.i     ^  .  /Boo  jl 

^  .300 


Tod  so  U 


Apparen//y ,  /ocse .  iz-orv/y. 
Euaojt.  js<^f?e^y  C^AY_  no  sfr/npje 
-.1            Compac/ ,  i>ro^ n/sh-^'Vy. 
ji/y/gg./    5f^P^^_ClAV. 

So/"/.  6/i^^'sA  ffr^y.s/'y^^/y  X 
j  loose^gr-ey,  s/'^^^fy  c/ayey, 

'. '  4C0 
'  '277 


1la 


Topsoi! 


5o/t  l>roWf?,  sh'ghf/y  fra^e//y 
^ppa*r^/7^/y,/oos^,  6rx>Y^n 


£1  /09.I       '.  ,  J2>4 

11/90.1.  _Fj_a£. 


.i3_t       ^£IJS4.£    Topsoif 


So^f,  brownish  ^r^y-  : 
iiASJ  ^t'^*^/.  -g^Z/K    CIA-/ 


'\£LJBQj  yoof^y  ClAY  no  sa/nff/e 
_£i^j^^^nfSort_bhei3h^r^yjClAy  ' 
Appar^nf/y,  compact, ^rvy. 


TlT36a 


—  Ml  f9f.9      TbpSO// 


.ft  t^n     y/  _^ 

Apparv/y^/y,  cofnpac/.&mwnisft       inn 


^ry  li/ov^  3ti// 


i^IlLS^ 


r-  »  f(g 


.^ 


=  -I  £1  /aa.*    Cobbles 


n,  Sn  Ta  CCA  Y 


^corary  ce/ow  /. 


F  r   60Q 


T  1735  . 


TI739^ 


loose,  brovvn,  5/if/tf/y,c/fryey, 


'TIT40g^ 


fairiy  jo/7,  6rown,    5/ighf/y 


TITAl^ 


T-1742^ 


:|743^ 


NOTt: 


are    ttasmd 


XiJBLS Topsoil 


^f,yf,tly 


/Itrr/y  5ofi,  0/k.  6. 
T  CL.iAin    t^/jj/y       ^_ '_ 

^if,/-/y  so/'/,  ^rvy.  a/'fhf/y 

Apparff/>//y,  compacr. 
"^fL./AQO   ,g/-i"/.  CLAY,  na  Sfit/np/s  ■ 
So/f,  6rx>w/>,  sfigfiHy 
^ra  V  ■P//V.  g/P/S//y  .M/>>y  r/^  V 
>^/7^    /ito  Recovery  be/ow  tS.O/f' 


Tbpsoi/ 


fetr'en/fy.scff.  browo. 
■nptrc^,  6rawn,  s/^abf/y 
•   /Vb  ^eco¥*ry  bt'oy^  4.Cff 

'JS4 


7] 


f^'r/y  So//,  ffvy.  s/f{yAf/y 
■^^y.  S/lTs  CI  AY 


jtfiparvof.'y,  SO't  Sromms/l  yrty,  s//gk//y 


Apf>^nfn/ly.So//.frvy.Sani/y  « 


/in!>/yseS     ofotrerbtxrtie: 

On  dry  samples. 

£let/9t/ons  aro  6«s«rf  an  l/S.G.5.  dotu» 
M.S  L     /9/2  j(j_jifnner,t 

Md/es  numbered  greater  thaf} 
O/SOO  drifted  with  ^Hl"  cas/'n^ 
T-OOO-^  denote^  5''diarr)et^r  hortci 
auj^er  fioies  to  refus,a( 
recoveri/  ^nd Gttan<iad  (3y  h^nd^ 
probing  Probina  /node  i^ifh  V/' 
rod  dri</c.n   vuith     /**s/eiyy«. 

/"•OO  denotes    rste  of pro6in^ 
penetrot/on  in  f^et per  hour. 

See  sheet  /"//«  /Vo  M<-A-^  for 
de  a  c  rip  H  t^e     terno  s  ■ 


TRANSVERSE    MERCATOR    COORDINATES 


HOLE  NO     NORTH 

>  "  \  ^aiS.6f7.48 

3«     '  /.ais\S5s./d_ 

*^  /.8f6.'70~3S 

9^      '    f.&Ts.Z38.?S 

>  9       j    l.6/6.b?640 

/.e/s.eo?-s5 

~j.e/5. 90J.fO 

1.816.0?!  27  ' 

/.e'/6,4f6.97_ 
/,e/6.356  90 


ma  3 

J/729  :; 

r/7j/  -, 


'All 


/.S/e,970l3\    376, $63.7) 
Jifie, 711.18    •    177, O0O.i7 


EAST         ^HOLE  NO.  NORTH  EAST 

37/,S6sa4  ]r/7i3  3        /,Bie.soe.40\  S74,ettM 

37P.'3SS.SS_ 
J7?.3/b'68 
J7A^S/  50 

J'/  67f  eo 

37e.  7so^ie 

373.34160 
"374.o'3!  6? 
373^iSt4l 
373,  SS7.16 
371.68447 


7,8/7,06^.67       377,3-05.9f 

7.877  ■eo.44^'__378,'9S.97_ 
7,816, 962.39      376J33JJ 
'378.?70.33_ 


l.a/6,e 38.73  ,    37S,403,S3_ 
7,8/7,030.76       '379.946.09 


ST    LAWRENCE   RIVER   PROJECT 

LONG  5AULT  CANAL 
RCCORD  or  FOUNDATION 

EXPLORATION   NO.  IS 


sc«it-.  11«  .ion. 


/f!«J//»_^_    j^^it^f^„,. 


PLATE  in- 29 


T  1744a 


TI745^ 


T- 1746a 


T-1747^ 


T  1748^ 


T\7A3. 


T- 1750^ 


T-I75L 


Inmx  Tiiaia// 


f^if/y  COmpacf,  brown, 
■MT  if*9hf/f  jmn»/^.  S'//V.  CIA  Y 

r  Mmfer/f/-  no  s*>mp/e 

T  VerYJorf.9f*^.s/>ifM/vj,/fyC£AV 


'"•iiOS 


1  ^>//r)'  ^'W, 


no  firoifnf.  /Voy  UbUefS  'O  fAtS  Arm 


So//,  trey,  s/i^hf/y  jm/m/v 


T-175?^ 


T  17,53. 


T-1754^ 


TIT5!). 


T- 1756a 


D-I75T 


D-1756 


DI759 


mna7of>Kn,7 


Appmrmnfl^  ,jo/f.hn>wn . 
^fipmre/iffy,  broi^n,  se>ne/y,  S 


^/>/>arenfly,^r^y,jar)^y  / 


■  ■-:j?iu7a?.3azZ — 


finr/y  coftfitrc/j  ^rfy,  ja/M/y  ^ 


5o/f.  ak.  6ro<Mn.  sf/fhf/y- 
JJlA — Vfi'sao     Jmnt/2/.  Si//y    CLAW 


rmir/y    Compac/,ffr«y,je»/>Wy 
.  f   Qrave//v  CLAY 
/ViS  -VecDrery    £i*/ow  fl.Of/. 


'Jo//,  &rown.s/'sf>ffy  si^y  C£A^ 


St/f.  bmwnish  ^r^y,  S'ffy.  ClAV 


j4ppare/>f/y  30//.  J>ror//},Sa/Miy 
Sof-y.grey.  ClAV 


froX~Y'\£LJSio     f.,  90fi 
tLfSao    /.S/4 


6mivn.j//iAffy  f^V0//y  ib  fm^^//y 
5/>r/p  fS/lT 


Compmcf  srmy,  i/mr/tiA/*,c/0yey 
*  j«nt^y  j/(f/>//y  grmif0//y  SILT. 


to  y*y   s/iyM/y  qrsire//y 
S9/^<yy   to    s/t'oA^/y 

c/aysy  S/LT. 


PI  760 


DI76I 


D\76a 


PI  763 


D  1764 


D  I76S 


/■X,  2£JI& 


grsy^«llij  fo  sttgh+ly  ar^y^/Zi/ 
SAtiD^nd  S/lT 


So/f  0rct//s/r  /"^t^/7 


TRANSVERSE    MERCATOR    COORDINATES              | 

HOLE  NO 

NORTH 

EAST 

HOLE  NO 

NORTH 

EAST 

Tn4&t 

/,ai7.3S7.97 

3eO,S4SSS 

Wrt^ 

'.8ia,o4s:9V 

ses.ni.ss 

TlUSm 

l,ei7.H0J2 

3ao.sa6.es 

OI7S7 

1.813.  776 

360.ZOS 

rn47  a 

l,air.34i.ot 

3ai,7es.7t 

onsa 

i.aa.  tis 

357,  716 

Tf74ao 

l,ei7,4lS.ll 

3BI.ISIS9 

DI7S3 

i,aie.6*e    :  3ss,zz4- 

r  17/91, 

/,8I7.€44.00 

3ef.!rs4t 

£>nto 

l»IS.3BO       35*P*-7 

TI750a 

i.eir.auas 

jafjea!3 

JS2.ai8.97^ 

fins/ 

>}*//,  79/        3S/j  **S. 

rnrf  s 

/.ai7,s7iii 

J3I76? 

7,a//,es/       3J<7, 70/ 

Tnsi, 

',ei7,7sSM 

-7.Bi7.sss.s1 

sag. 866 'S    [0/7 6 3 

i.eii,  *4S    '.  y'ta.s^f 

^  381,303  33    "111764 

/,ail,09l         348,361 

TI7S4  => 

i.ai7.tii.ii  \  jes.jtta/   .0'76s 

i.aiti,  aea    \34i.eoe 

^£^Ot.9 


Fairly  eompaci  broiv/t 
\hyhflygro>'€//y  SAND ^ 5/LT 


s//^^^/y  p/^^*"^//^. 


r^irfy  cofnpsc-^*o  eomp^e.^ 
&roiyn  -f^o^ray  j/i^Mfiy 
9^**^*//y    -fo     3/i^/>¥/4y 
c/sysy    SAN£>  fi/rey   9/LT. 


NOT£> 
Ana/yets   cf  ov^rdur^ert    sfe  bmsso 

on  dry  samp/e^s. 
Etoi^ai-ion^  Tire  bss&d  on  i/SOS 

da  furry   M.5Ll9lZadJ- 

tiofffs  nurnber'Sd  gres-rer  than 
O/SOO  dri//eaf  with  Si^' cas/f>y. 

J-OOO-a  der»of-e£  S'd'^'^oter  horJd 
3ugiar>  holes  fo  refusal  or  no 
rvQQv^r-  snd  e nfsridsd  by hanis^ 
proki)ny.  PK)bmo  m3ds»/irh  ^'rod 
dr/i^ffn   i^ith  /*' s/«d^&- 

f^'OO  dtf^ofes  ra-f-e.  of  probing 
p<ine-fre>tion    iri  f&er  per  hour 

Sme  sh«e.t  ni^No.  MC~^'7i*  ^or 
descripf)^^-   ter/ns 


ST.   LAWRENCC   RIVCR   PROJECT 

LONG  SAULT  CANAL 

RLCORD  or  rOUNDATION 

EXPLORATION   NO.  16 


■? ? 


PLATE  in-30 


V,AP      nf  PJRT  vr  NT 


CORPS     or     CNv^mtCKS    U.S.  ARMY 


PI  766 


a.0      .   ,^J  J 


D-1767 


D-1766 


D-1769 


D-I7ro 


D-I7ri 


D-i7ra 


DI773 


<jrsft^//y  SAND  ^fic/  S//.  t. 


/i»ir/y  compmef  3rowo 
j///y  /o  s//fhf/y  s//fy. 


n' 


pr*w^o//y  SAND  t  sn  r 


Ccmpmcf  6ro\Nn  s.'tfhh'y 
0n»m«iiy  SAND  0  S/C  r 


.  ie  san.^y  slifhf/y  frvi^UySlLT 


Ccrnaocf.ye:ir},VfSh  brown 
fO  fr*y.  stingy,  Jhghf/y 


21a  ^iLXSA 


Sfightfy  c/ayey  SILT 


fa  fi^Y.  stt*y.  s/tfhfly 
San^y   CI  AY 


2U^ 


Competed,  ^rvy.  y^tnt^y. 


So/'/  ^/vy-d^vw  s//f/>f/y 


Jo  *"/  grey  J/ My  /a  a/ifhf/y 
ji^f^y  s/ifAf/y  ^rttv€//y 
ClAV 


Sof*  <fr*y-l- 


01774 


01773 


D1776 


DjTTT 


D\77S 


0)779 


Sa//  ^^/^f^^/^    ^rvi^^/0^ 

o^^</fy  ^/cr  ^  dri^r: 


Q.O         £i  mS9 


O.O  U./»Xff 


s^yf  ^r^^  ^yyy^*r^^y. 


S«y^    £>r'^^/r,'sA  ^^^^ 


^if/y  ^^^^  tf-zV/y  ^^^/r 


^yy^/^/y^  ^'i^^^^    s^/^  77 


^yn*-^   O'^/^i^    c^4.^r. 


■^^yy  ^^ef^  ^y/y^  <:r^>f  jf 


PI  780 


D\78l 


^<v/  >7^M^  ^^y>*^  trx^A 


■y^-^y  ^y/^^  ^ji^y 


SlZ^l 


5-/^  y-  iC  ^y:^yr 


.»^  ^^m^  ^f/y^  ^^^^ 


^^jf^atyy^   -y^^^  ^yvA^ 


^/■/"V    *>#AIO 


£>\78Z 


D\7S3 


fairly    era/fffi^c  /     i^tr^t^^fs^ 


saf/  ^^y  s-yy^y  (Tj-^tr 


-\c*/r7/f^f:y  9''^y  f^y^^/y/^ 


l^^^rf-Ay  tr^yy^  jr^jv. 


•f 


OI7<g4 

0.0      Mi./7S.a 


D\783 


01736 


01797 


Dt7S3 


D\799 


.?>/V    f^r-tf^    sy/yjy  £-4^Aff 


^M's*'^,  ^y^^'*'  yy^  ^^^^^ 


y<r^>v/'/^    a»'»>'  .S>fyi/£i 


s/^7  ^-  £r4A/r 


'.yy^^i^y^  ^yyy^  ^-y^/T 

■'i.-    .>    ^a^'y-     _y'^-*^^     j-//-^ 


gg        r^.^MAa 


.y^y  *"-^*^  -^yyy^  £:^~^y 


f^fialu3t:%  of  ofer  ttufd&n  •sr-ts  b&    c    - 
on  c/rj/  s^mfi/es 

Cierof/ons  ba^ed on  tySGS  eia-^urn 

M.'SL.    '9/2.   adjus/^men-f: 

D/SOQ  fi/r/7/ee/  <^jth2^£  ca9tn^. 

SeG5heefKJe^.>^-yfHff^  dsrci^.pfit/^ 

terms.  :' 
See  ^heet  F;^fito  MC-^^  fbf  €oofCf/»*atfs 


-si/v  ^r-tr^  ^yyy^ 


/"^fyyy  £rfy/-j^^^ay 
syy^y^yy^  ^r-^  ^^  yy^ 


jS/^p*  ^r-^y    x-^/Zy     ^X-^/' 


ST.  LAWRENCE   RIVER   PROJECT 

LONG    SAULT    CANAL 

RECORD  OF   FOUNDATION 
EXPLORATION  t^Moea    .'. 


PLATE  IEI-31 


WAR  QEPARJMENT 


CORPS    QF    JMCniEEWa.    U.'8-ABMT 


0T79I 


D1792 


DI793 


DI794 


PI7»^ 


Sbr^  0r^i/   ^/M^f  C^^Jtr 


•2JLO  saa 


^/y^A^/^  tr-i»^^^  a/>iffA'^- 

fF^.m^   .^y^<yV    ^A£7r 


/'■r^  ^>*"^*'  j-/'>y^  ^^^tr 


JRvO^  ^,-*>-^    ^//f^  iTXyf/f 


go 


So/"/-   <p'"^^  ^//^^  <r^>*^ 


'^^ 


"^ """ r™^| 


2227" 


:*^i;fc^^A/  ,9;«L.ae)4/  .i^^^T^ . 


Is 


^^T^t'^/^J^ 


Settles/  su  T  4  cui  y 


Saf^,   Qf'ey,  sJi^hf/</ 


"3  vr^u,  ^igf. 
SIlTfCLAl'. 


*>fT  ■ho  vtrjf  soft  gTBi^i/ftb 


'</«/)    9^  i&P>«<f 


on  druS'S»mpl»tS' 

yrfvcfr  corvs  obtain^ bOy^ltTiMja. 

Hof9A  rufrtbmfd  gresner  *f>jrt  Df-'>'yJ 
drilltd  tilth  et'caainj- 

S»o  sh99t  RlHNoMC-A-^it-Zbr  0t,-.c'Tt''r^ 

ferm-l 
See  shter  «//#  fvo  MOA  h    for  c^.r'jinsf^i 


ST    LAvVnFNCE    RIVER    PROJECT 

LONG    SAULT    -CANAL 
RECORD  OF  FOUNDATION  EXPLORATION 

NO.     ■» 


■P ? 


=^3^ 


LBPUiRl         '33 


PLATE  JR-IZ 


WAR    DEPARTMENT 


T-iaa>oa 


T-iaOl  a 


^''T'.' 


TH6P3a 


/;/M«  3*/ii  tract  ofaartd 


p-iao6 


CORPS    or    ENOINEERS,    U.  5.  ARMY 
T-ia07a 


T-isoa^ 


T-  iao9<, 


tra^f//y  ClAYt  SftND 


T- 1810^ 


Soff  g^yrsh-  &/t>iMn  S/l79C£4Y 


So/"/  brown  j/f^A//y 


T-I6II> 


T-iaig>. 


az20J 

Jmn^V  S/LT4  CLAY 


Sn 


n^, 


AppPiren//y  ^  compac/ 
^f-c-y  S/iMD  «  GRAVEL 


n.rMa /  -'23n 


'\b\la 


Soff  ^rey/sh  ■  Srown.  sii^ffy 
Tt2i4^San4^y  CI  AY  8  5lLT 

So/f  Brownish-  ^rey,3/ifMfy.^£A^^ 
I  \n?il^-Si'*y.  sl'fhfly  Jane^  ClA'i 


T-ie,i4^ 


T-I6I5<. 


So//  browJvish arty.sJiffi%~~     I      I  So//  &rownt3h  ^rfy  y/ffM/y 

silty.sl'fhify  sofl^yClAy        4n     \     \  sifh.  s/ithflv  amnttM  CLAY 


s^'Y 


sApfiar0nf/y  m  camptrc/ 
^■3'/fy  9'^/f//y.  5ANO 


So//  frey/s/t  irowfi.  a/tfh//^ 
Sif/y.  sfifh//y  SMntfy  CI  AY 


3^/9^y.  s/'f/>//y  si/ty,  s/tffifly 
fmni/y  CI  Ay 


T-I6I6^ 


T-I6I7^ 


T-I6I6^ 


T-I6I9^ 


silh  CiA 


So^f  o'-fysh  brown  llifflf/y 
s-n^y  CLAY t SILT 


SofV  frvytsh  ^rown^sl'gM/y 
1,/fy,  s/ifhHy  srnt/y  n/IW     rr 


tMse  eny  clatfw  s/iNDfSiLT  ,nt 


T-ia20«. 


T-iegi  ^ 


TI8225 


TI323s 


•//N  a  AY  1  -^^  ^^  ^rfyts/}  Srpwn  SIL  Tf  CIA  Y 


So/fgrmyish  hrovin  s/ifftfty 
Smrif/'i  CiA  Y4  SILT 
3o/1  brown  c/**yey.j/ighily 
grPt  ve//y  SAND  ^  S/l  T 


t n      I       \ri   riMM        e 


ClAir 


ri824fl 


■A 


1/1  **ij     Brvft 


PI825 


PI826 


PI827 


PI828 


PI829 


PI  830 


r^ 

F  -.r^o 

..  r 

s 

r .  ipn 

J  nUi 


PI  831 


4i 


■-^SnL 


I.  Mfs*  ^^  ts/i 


NOTES 


pia32 

nfl 

J-/*    1 

■J /I                1^/     5^-/1 

PI833 


'L   1 

J  J 

\rt    tmt     F 

PIQ34 


An^lt/SGS  <if  o\/erbi4r^en  sf'it  bassd  on 

drjy  samples- 
ElG^/^iona   sre  bmsa<^  on  i/,S.O.S  dwtumM-^i-  ' 
T-OOO-a    denots-s  S^d*Bmwt^r  /Jc^rtd 
auavr  hofss   fa  re  ft*  SO  /   <3rno  r^cov^rj/ 
ana exitnc/^tY  by  hatid pn>6inQ    '^rablnjg 

fH30O    dmrjiyt'es  hand  pnatfinj/     an/y. 

in  -f&sf-  p^f  hour 
Saa  j4^/  r.lmNo  MC--'      /'■'  '""   rf«-jc*i^>.^e  /r'-mi 


ST.  LAWRENCE    RIVER    PROJECT 

LONG     SAULT    CANAL 
RECORD  OF  FOUNDATION 

CXPLORATION   NUMBER    19 


PLATEIir-33 


CORPS    or  ENGINEERS    U.S.  ARMY 


P-/s:iei 


P-/S37 


f^/83S 


T-m9. 


T/a^o. 


T-I84U 


T-I84B.. 


/l/l 

r.~630 

r.m/oo 

5off  ^reyfsh  Arown.  s/ifhHy 


Soff^f9yish  &roffn  s//fhffy 
I  \nrMitioos*^ro¥itn^mt*ffy  SfViDtSUT 


5o/f  grtyish  &r9wf>  cityey  SfCT 


j/ffhf/y  cffyei.ShyhHy 
\j^6a 


I  ^t  "■'  * ^  ■  p4Q 


Soff^reyhh  6rown  cUyty  S/LT 


■a/i  frvy  s^n^y 
Soff  0rry  shfht/y  J/Ify,  s/'fhify 
App^rvnfly  aompttcf 

\Mij^  SAf^D  y  c/^  vet 


T'I644. 


7-1645^ 


T-1646^ 


T-/S4F^. 


T-/S46^ 


3aff  f/vy/'afi  hrown  Jfi$hffy 
So/'f  6r6wn/sfy  ^/vy  s///y  CtAY 


P-/S5I 


&0    l£Li'r.i) 


P-/853 

QX>      a.. 2/10 

J^  J 


So//  6roiMn*3/>  ^/'«y,  sfifhfly 
jmnt^y.  ClAy  9  3/iT 


Sof/frey  s//f/>f/y  j//fy  CiAV 


T-1852^ 


^^  ft  iff. 4 

a_i  1      I  fi  2Jt.9  ioose  brown  ailty  sft$fi/f^ 

J.-f  I        [n.J^iq      /'■■tip 


p-iaeo 


h            r . 

■r/< 

y^^^^  f 

no 

P-/867 


P-/S73 


_nJi 


loose  ii^'^n  si/^y  SAND 


Sofi  Brow  fits/)  frey 

s/ifh^fy  silty  ciAV 


Soft  0rfy/sfi  &ro>^n.  siigMly 
Jfn*^y   SUTc  CfAV. 
So/?  ^rvy  s/'g^f/y  3///y 
s/,gh//y  san^y  CI  AY  -i 


Sofi  9r^y  sA^Af/y  sf/fy  a  A  Y. 


So// ^/9y^s/>  Answn  cMyey. 
shfh/fy  st*f?^y  SUT 
looso  frvy.  s'lyftf/y si/fy  iJ      J|  1 

M9  sivftlly  clayey  SANDi G/fA'/£L    iflJlrf-jL 


"V    /r=  4  IS 


"  ieosc  trown  shfhfly 
,  chy*y  SAND  4S/1 T 

7  Sf'^hffy  at/fy 

SAt-jn 

loose  6row/*  31/ fy  9/t0/>/fy 


P-/649 


-JiJO  ^£i.iJaJi 


~l 


T-/650. 

^aO-, £LU&2 

I  /o<xse  Srawn  6ov//t9r^  s/iff)f/y 

I  /hjt^a  1  cigyey.  3J/f/tf/y  s«fM/y  S/IT 


^jx,  c/'vy  3fino 


r.'^OO 


to    I  I  ^  J«q ^  -  ffi** 


P-/853 


P-I86I 


P-/854 

^■3    rKtl,e}^'-0    ^■* 


P-/862 


P-/e55 


'j1t\ 


milt  "  •  /le 


P-/656 


P-/657 


n      ft.. 
0_  \£U 


-MJlAsLJIXZ.    ^"   ^00 


F 

-  400 

4n 

cutis,  f 

'  les 

P-/363 


ftrt       /r  >ss  T 


P-1864 


p- 

1865 

.,„     1                  f..600 

40^ 

^„  «,.''.., 71 

P-/366 


OJL   ^£i.Hl^ 


_L_ ^!i&£ 

JL  mi  f\ad  A.  •  t6i 


p-i86a 


P-J869 


^xa     ^./^jj' 


P-1870 


,. 

/.mSOO 

^/i  i-H                /-  .  330 

t.n  1   \ml 

^«^    /■  .   90 

P-I87I 

r. 

.,„  1 

^430 

4o  f~n«/*j' 

^■ 

-  ris 

P- 

872 

flO        "  '"> ' 

r  ■e4S 

«7r" 

r.MO 
Tami    r-no 

NOTE: 


ar-e  baSG-^  on 


A/ta/ysvs    ofot/er^uretet 

e/ry  s&fT7pi&s 
etevof-tor^s    69Sed    on  US.G^dalumM^L  J9/Zadj 
V-OOO-9    de/Tofffs    S'c/ts/riGfer  /i&nc/ ^cf^er 
ho/es  to  re/'ussf  arno  recoi/erj^  snt^ 
exfend&c/  dj/  hsf7d probinff  Prohtn^  moda 
mfh  ^■^'rod  Jffi/en    if«<th   /4'^/r;c/^^. 
P-000   deno^c^   fiane/  pobi'n^  o/^/j/- 
F-  denofea  ' 3/e  af  probu.j  penetration 

in  feet  per  hour.  '~ 

S. «-  sA*r/  ^' le  No-  MC-A  ■  Z/l4^*' /tfrc >■  'p h ^c  tcf^s 


7-/874^ 


T'lars^ 


T-/d76^ 


So/t  brown  s/'ght/y 3an^y, 
S!ighf/y  c/ayey  SILT 

So//  ^reyfsh  Srovifn.  sttnt^y 

»n*y  St/f-y  ClAY 


5o/f  immtmsh  ff^y  CiA YsSILT 
M>  ttf  tempi  io  Prohe 


i^pparen/.'y  ^  rtiir/y  so/f 
brown/sh'  Qr*y  sanety 
t.»*4  S  ^/-^^»//y    CLA-/ 


So/f  broiMnish  grey  shfMly 


fair/y  /oose  s'/^^f/yc/ayey 

,j//y/i//y  ^r^ve/Zy  SAND  fSlLT 

f^t"^9     f-  300 


Pnb.nf     r.  •4S0 


ST.  LAWRENCE   RIVER    PROJECT 

LONG    SA'JLT  CANAL 
RECORD    OF  FOUNDATION 

EXPLORATION     N  O.     20 


PLATE  m-  34 


A/AR    DEPARTMENT 


CORPS    or   ENGINEERS.   U.    S.  ARMY 


TI877a 


PI878 


P1879 


TI880a 


TI88I  0 


TI882a 


TI8a3a 


TI884  0 


Jo//  bror^^/s^  j//ffA^/y 


sa 


Sot^  Arvm^/7/jA  ^'^^y 
\sh^Af/y  S9A<^y  CLAif 


Sof^^'-.^y  s/,^A''/y  ^'/^y 
CLAr  SA'£rJ.CS. 


y/y   SAND.  :oT 


^rat^  jTJSyA^y  J>A^  3MMQ 


s/tff*^^fc/a^^SAA^^^A^SMl 
sfifA  */y  J^Ac/y  CL  A  y  f^/r/y 


^y££. 


.  ^A^MAA. — ^  '  ^noa 


Tl685o 


TI686 


TI687a 


TI8880 


T1889a 


PI  890 


PI  891 


PI892 


Pie93 


P1894 


P1895 


PI896 


PI897 


PIB98 


PI899 


./^  ^   /^  -i^^jT 


.tA 


\ri   s^atF  * 


NOTES 


finsli/3as   of  overbuir<^er)   sr^  i?9See/  on  o'/y 

sonnples- 
tteva  f-tor>S     basmd  on    aSG.S.    e/afUm^A^SL  J9eadJ 
T'OOO-a    denotes  5' cj'amrt-rr  hand  auyer  /Jo/rs 

to  refusal  or  00  recoforjj  and  axfe/jdad  ti/ 

hand  pivtinj.  firobinj  mmdr  Mirf,  V/ rod  cfrifen 

Mitft  It'sJtdoQ. 
H-OOO    dfinotss   hand  probing   on/j/ 
F-  denof-es  rafv  of  probing  ^enefration 

in  ^st  p*!r  hour*.  


ST.  LAWRENCE   RIVER   PROJECT 

LONG  SAULT  CANAL 
RECORD  OF  FOUNDATION 

EXPLORATION    NUMBER     21 


PLATE  HI -35 


MfcR  DEPARTMENT 


PI9I6 

ri    >ni 

f 

i^a 

P1924 


PI932 


CORPS  OF    ENGINEERS    U.  S.  ARMY 


PI90I 


t'iOO 


PI909 


PI9I7 

F'TII 

PI902 


PI9I0 


PI9I6 


^7  \ri  nrrtP  ' 


PI  903 


PI904 


PI905 


,7^      [ — '-L 


£i_Z^ZaljCL£i2 


PI9I2 


A£U      '     iZ 


Tl9l9a 


TI920a 


PI9I3 


TI92[ 


PI  906 


PI9I4 


Fairly  compact  grayish  brown 

F-man 


Fair/t^  compact  grsi/'  bro  _  _ 

sli^/>fly  ssnc/i/,  SILT  and  CLAY'^^ 


i^EE^ 


11922  a 


r^'rly  soft ^roy  J//ff/>f/^ 
som/y    SILT snd  CLAY. 


PI907 


PI9I5 


PI923 


TI925a 

fsirlu  compac  i  Qrav  ait^u  CLn  r 
F-roa 


PI926 


PI928 


PI929 


PI930 


PI93I 


jj  J  li.i^Ji 


r^m 


PI933 

tin                rt  P-ki.O 

f'  7/<5 

PI934 


PI  935 


TI936^ 


TI937.; 


1/1    I    Clu 


TI938^ 


:2ti 


»,    m»t*^'^^n 


T 1939  ■ 


rairiu  / 


riy  loess  brownish  groy 
liqhflu  sandy,  slightly 
■rv^i^a/Zy  .SdLT^adCL  A  K 
.    frob/Wy T-6SO 


FBir.y  compeci  brownish-g/sy 
slig^f^y  gr^i^Gflu,  slightlij 
ssndi/  S/LTand  CLAY. 
,2J^ 


Fairlu  compatf  broivntahoi 
sliqhf/a  sondu  SILTondCl 


■l/^-S.O    II 


TI94Q^ 


T|941^ 


TI94?  ^ 


TI943     ^. 


T  1944  ^ 


_aflJ  I  £j   r/.r.  r . 


TI945 


Soffgrmy  M^fUf  CLAY: 


-     /.i^ 


Fairlu  soFi  brownish 
ih^hllj  sont/y  S'Ifj  CLA' 


|.*y 


Jol  P      inO.lir^   < 


W/ 


^^     J-^   0  7 


illgf'tlj  sondj  SlLTtCLA/. 


^ofi  gray  ^I'fft^f^  sandj 
I  j,V/y  a./>:     Shells. 

^illf  CLAY 


sand^  CLAY  / 


'^2"/-"^ 


Fairly  compac*  gr^yt'^ah 
I   tsrownc/'Su^iJ  SfL  T 
Ei.  Z27.2 ^'"^  ■ 


Loose  brown  shgM'ys/lfy 
groi/a//y  fine  fo  coarsm 
■5ANO 


-dLfl 1 

Fairly  looss  brotvn  atffjffnatt 

rrtecfiun^  SAND. 

Soff  browni%hgr^g  siighiij 

_^ondy  .siltyCLAY- 

in.o 

—    FBir/ycompsc*  brown 
S'lyht/j  c/ay^o   J4A/0 
4S//.  T. 

^in       U-^^'w    Jrr.^MO     P»£OQ 

-a^£L^ 

Loos^  brown  sil*y 

So/y  g/-^^  j/'9/» 

S//yy   CLAV 

p.t/1 

NOTE- 


rdari  9r«  GaSQd  an 


TI946  a 


TI947 


TI948  a 


rff/r/y  £of*  grayish  brown 
sl/^hf/y  s&/K/y  SlLTsndCLAY 


TI949    ^ 


f^yxy  C£AY 


'  broi¥n/sh  yra y  j/'^A/^y  aan^y 


Anslysss  of  over  bi 

dr'y  ^^rnpias. 
£'9<^aHons    are  bsaad  on  UC.GS-  dafufn.USL.i9^e^ 
7-000-9   denof'&s   S'dt'snoG^er  r>&r^ su^er 

holes  fo  refusal  orno  reco</er(/  oj^d  e^fepdrd 

bjy  harxf  pro^f'na.  ff*obinj  made  Mi'rh  -^f  rot/ 

drftren    n/i  th  /^^led^m- 
P-000  denotes    hand  prQb/njy   an/g. 
F-  d^na^ss     rsfe   aPprobing  pB^ef-rafion 

in  fbe^  per  hour. 
%fe  Sh^e^  r'/*NoMC-A-SjUf'rdasc^,phi^  ^rr^i 


:T.  LAWRENCE    RIVER     PHOJECT 

LONG  SAULT  CANAL- 
RECORD  OF  FOUNDATION 

EXPLORATION       NO-    2Z 


PLATE  II1-36 


WAR  DEPARTMENT 


CORPS   or    tNGINETRS.    U.S.   ARUY 


TIpSO^ 


TI95U 


TI952  s 


TI953. 


JDSM* 


TI955  , 


TI956  . 


3hff/}t/y  .%o^c/y.  s//y^^/y  fr^t^ffy 
c/^i/e'u  SILT. 


5AND. 


'  3///y  fine  f 


f^/r/y  compact  ^r^^/sh  bfDivo 
'720 


»  bro^n  si/^  fin€  to  m*^- 


sHyhfi^^ane/y.^fLT^CLAr 


tL.  2Ji.-9 


■Soft  5f^<*y  -j//»y  ccAr 


^r^iJfS^  ^ronfn 


I  £V«y  slighTlu  ^/vun  f/y  swrn/y 
— 1   iiffu    ttAr. 


sanely  c/sy^y  ■SILT. 


^^iJOSO 


Uty  £:lAy 


l-ZaZJL-f  ^_Z£LSO 


TI957  a 


TI95&^ 


T 1959  3 


T1960"^ 


TI96I 


TI962 


TI963. 


/.».<    I 


c*  ^yf — ^. 


FmiH^  foota  brown  aif^y^nw  /* 


9l»'ghHy  sSOAc/y  •S/t  T^C^AK 


"1  fa/r/y  co/npacf  t>ro¥v/f/3?f  S^^V 


Loase  broimn  finv  to  mmdto*" 

Fair/u  corry/>»cf  ar^fSfi  brown 

sor>a(/.c/ai/ei/  iT/Z  T: 

Fair/u  /oas«  ar^y  fma  to  zrr^c//i/n. 


Fa/r/y  JoTi  gray  ii'ify  ClAf. 


Fa/r/y  co^n/>ac^  yraf/sA  brown 


^oFt  ara^  .S'My  C^AF. 

ft     J/^T -^ 


■  ^i  aanj 


I      zojt.9.   Probe<f  by  hand  eo3i/y  ^  P4S'?4.Q 


1/J^nf/u  ^i/^a 
r   SA/(/0 


Fsir/y  corrtpsci  <pr^y/s/}  brown 
^liffh^/y  .sar*^y  c/ot^fy  j-yZ-TT 


Sof*  ^rat/   SJ/a/ff/y  ^arttFtJ 


Srifwn.  s*i'yh^/y  31/ fy  iCa,/* 


Fa/r/y  soF*.  yray-brown  //wt^V  I 


Fsirlif  compact,  yray/sh  brown 
j/,0*//v  j^,»V  ^'^/<^  c*my0^  ^U-T 
— I  Loo'«  c/arA  Bro§vr7,  -stiy^f^p ai/^ 

\     fm^    ^ofr^^^'y^rt^ANO 
1      Foir/y  compatrt-  ^ray'rh  brown 
\       shyhf/y^or>e/y  ClAF^S/^T 


F>y)beef  by  h»nd  e9sHy  to3/' 


T  1964  a 


TI965  ^ 


TI966  , 


TI967 


TI968„- 


TI969. 


PI970 


Loose  ^ro^n    s/^ffM^y 


nfnbir)^ 


,.  t 

Loos*  hronf/}    j/fffA^/y  ^,//y 

1    c/.»/»^,</,^^  s^va 

-  \ 

.,  1 

1 

\"'-'',.„T., 

r,   p,^-r  r-MVl 

Fs/r/y  soF^  Sroi^r?/s/?  ^r^y  j//yh^ 
J  ::>rr>£onc/y    S/i.T  0C£.^K 


^or7e/y  sr/Zy  ctAV. 
I  ri  sj-r.( 


P197I 


PI972 


PI973 


P1974 


PI9  75 


LJ30 


ft  rmtf'^nn 


NOTES.- 


ri  p,/a    F'llO 


F)r7<s{ysss   of  ot^C.F' burden  sre  bas^<J 
on  cFry  ssFnplvs. 

T-COOs  dmno-tcs   5"'cii3n>t^^r  har^d ou^er 
holos  fnreflisQl  '^ no  reco^vrj/  snc/ 
^xt^ndffd  by  Fvyrid  probirta    F-robmo 
mod*  w>fh  V^'rod  drifen  n//W  /9'^-^ic'fyS- 

P-OOO- denoies    h^nd  probing    onfu. 

f-  deno  Ves    raf-&  01^ pro6 trig  penerrgH or> 

'  in  f^f  per  hour. 


PI976 


PI977 


P1978 


TI979.5 


i.ooae  rodd.sh  hroif^n,  ahghf^y 


r^irly  3of-t  Oroivn  i^ray  shy/fHi/ 
jandt/    c/oi^0y  ^/^  r 


rsir/y  sof*  Drovi/nish  ^r^y 
J// j>& ///  J^/'^y  wf^^  ^L^r 

Soft  g naif  ■i/zf'!^''/  ="^y  ='  ^'W  ^'^'^f 


ST.  LAWRENCE   RIVEB   PROJECT 

LONG  SAULT  CANAL 
RECORD  OF  FOUNDATION 

EXPLORATION      NO.   ^3 


J£_ 


EBHUARY         1942 


PI  AJF    nT-*7 


WAR   DEPARTMENT 


CORPS   or    ENGINEERS.    U.  S    ARMY 


TI980a 


TI98I<» 


TI982# 


T1983'» 


TI984a 


TI983(J 


TI986» 


TI987a 


fsir/l^  compact  Aroftrf/sfi 


w^oim^i^'f0ilfff^An%  Awm^A 


So/t^9tf  S'/^y.  C^At 


vdcfish  ^roffjx 


FMirlu  compSc  t    brown 


^/T^y  ■a'i^f>hj  jon^_y  S/c  r 


X.rJAt- 

com/>*c  /  ^/'^y 

sn. 

T 

^ 

">*»"» 

^ 

' Loam  r»ddi^Jt  krarrrt.  mi%tt^Jlr 

"1 


x«JL 


1*/  /rtrf/^    ^-  /.T.T 


TI9B8<7 


TI989ar 


TI990O 


TI99la 


TI992« 


T  1993a 


PI994 


PI995 


«& 


^o/"^  gray  *7'f*'''y  a^-fc^y  «i  '♦ 


So/fffr,0u  .^l^A^/y   ^ait/t^ 


Softgr^u  ^Ifg. 


'6'   /"'"^  S-AfJD. 

r'air/^  c<yn^a0et  ^^yf-rA 
^rt»r/>  *>#*^'y  yoff^y  ^'L  T 

'■0Ci.Ar ^^_ 

fm/rfy  /oes^  Arofm  »^^p*^ 


g//yy 


-O 


.«JU 


'Sir/if 


^r*<»y   3/'of**'y  sar^u 
CL /Iff  SILT 


PI996 


TI997a 


TI998fl 


TI999a 


P3000 


P300I 


P3002 


^ 


\r{  rtMSofif  ifrotV/7   .sorfe/y  S/L  T 


compter , 
gr^y  a/i^//y  c/ay^y,  ^t^nc/y 

fairly  compsci  jjiy/>ffy  ^  , 


FsJrfy  compacf,  hrotvn  fff^y 


^■Mjr/y 


■?r 


^^•; 


c 

-rr,    r 

m 

^ 

•«'• 

1 

f 

P3003 


-^ 1 ~ 

-Ad tzz^ 


o<^e//y.  si/fyS^f^O 


P3004 


Art  fift'^  ^ 


P3005 


22 fi    fy^.f 


P3006 


T 3007a 


^ 


.x£.u ^  -y^fi 


f-9ir/y  compac-t  ^raytsh   bro¥fft 
]       iliyhf/^cfo^ey.j/iff/t^/ySOrT^y  ■SICT 

f^ir/y  compact,  yr^y  aZ/y^^f^ 


NOTES 


/i/79/jfSV^    of  Oliver  bur  <^«fi   sro  b9S-«d     on 
dry  ssmp/e^. 

e/^i^St'onz    baso*^  on  aS.GS-d<f/(/rrTA^SA  /9/2a€// 
T^OOO-3  dano^&s  S"</f'trrn*^ffr  /t^nd  mother 
ho/es  fx>ref*uza/   or  no  recovery  anaf 
€^f»na&d    ty  hjrnd prob/f^    /^oh/ny  /r>9df 

P-OOO   drno'fvs  hand  proh/njg  oe>fy- 
F-  denotes   ratw  of  probing  p*r>€Tr-a  iron  /n 
fccf  per  hou.r. 


_NU^ 


Ti3a4a 


f,6ce,igi 


33r.7SS 

tsz  'If 

337.467 


■"*y"     Miiw* 


ST.  LAWRENCE   RIVER   PROJECT 

LONG  SAULT  CANAL 
RECORD  OF  FOUNDATION 

EXPLORATION   NUMBER     24 


—  -.^^^r 


EBRUARr        1942 


PLATE  Iir-38 


WAR      DEPARTMENT 


D-II5I  Oil 

JJi- 


C0RP5  ofe:ngineers,u.5.army 


iifi_ 


f|p,0 


Soft  g»vf  CLAY 


fo/rfy  iooje  f^o/.  S'f^y 
££i2£p  gro^e//f  5AnD 


Loose,  t>r-o>-v^,j/'g/>ff/' 


L  ooje,  gfo/  Ji/f/CLAY 

Ji'/ry  SAND  '^ 


Compocf',  Q*^y,  ■s/'9/>^// 


©•  i^v/j  /ooje.c/oyey  3,/t 


D-ll£7 


GfOf,cofnpoct;^^'9^ffy  9^ 
ef//.  3f/fy  JAND 


D-\\72 

QUIA. 


D-II75 


Soft,  Omtvnijh  -gr^y,  j/'g/j/fy 


loojc,  gro/j/igA/Zyfra^-ff/// 


eii»^4  Cfaye/,  ^ery  si/fySAND. 
Zoft  gray,  CLA  Y 

lOOst.  gmy.jfighff/gmt'cf/y 


Compac  ^  gray.  j//g/7f/y  a/at^//y 
v*ry  j,/ty,  JANO-    ^        ^  ' 


Soft  bf<^kv^/ih  gfay^//g/)f 
ly  3Qndy  J/l  raClA  Y 


^aft,  gray.  CI  AY 


ra,r/y  joft^/ightly  c/oyeys^^ 
gra^tif/y  SA/^0£  Stl  T     "^ 


fatr/y  compact^  ^/i'gt>t/y 
gratre/ly  si'tySANO  to 

s/ir  J  jAt/a 


7oo\ liiissa_ 

D-II77 

CO    ,  £'.£'77 


5oft  i>rct>v/7iJti-gray,.sfiaA/fy 
safx/y,  very  s//ty  CLAY 


fa-r/y  .'cose  g''^/,  ^^'^t>ffy 
Tjj9±3grai^€//yjc?r?dy  trery  clayey 

Vj/lt 

ra,r/y  /oo^e  gray  js //gritty 
£il^£2,  g/t»^g//>^  ^ery  j/7ty  JAND 
Compact  g^ay,  -j  hgf}Hy 
groi^/fy  yeryjf/tySAND. 


Groyrsh- Drown  loose 
^^^^s.ftyclay 

Gray,  foir/y  loose,  silty 
grofef/y  JA/\IO 


Gray  compact^  s/ightty 
gra,^^/ly,  jh'ghtfy  silty  *o 
3ilty  JA/i^P  OccostOrt<7/ 
Dou/cterj 


DOL  Ot-f/  Tc..  dOfH  gray 
f^O'c/  /tf"**-  3r>a/f  £or>e5 
No  irfdicot.Ofi  of  fract(/re  * 
cr  i^sot/?<r/ed  zor>es. 

*  - 

^  SttAL  £,  bLacM,  medii/rn 

^hord  RocH  apparer?t/y 
5  I  50o/7d  c?'><f  u/)*yea/r>ered 
DOLOrf'TE,  do f/^  grey, 
fet^  it),n  beds  of  Jhate 
A/o  ind>cot/cn  oi  fripch/je 
or  i>vea/Aer'/r}o  -5 

Core  recoir-ery  OB  3  % 


D-II7Q 


PII7I 


Soft.  t>ro¥vntsh^my  to  yn 
^ft9t>tfy^artdy,  shgt>tty 
ji/ty  tLA  Y  ' 


5Qff:9r<ey,CLAY. 


y  Compact  g^<*y.  slightly 
VsiLTS^CLAY 


Coryypoct  ejroy  slightly 
gratret/y,  ^itt-y  f-o  very 
jitty  SAND 


gratret/y  Yery  j/t/y  SAND 


DOLOt^lTE  I'ghtgr-oy 
£ii4^9  ^ord  &roker}  aion^  few 
c",It^^^'t°"^*^^  >fbcA  appQref^t22°-\ — lljllZ. 
//  sound  yv'/t}  no  indica- 

I  t>on  of  weoeher>r>^  Q- 1 1  /fl 

hHAL  C.  black,  rned  hard,      gp  etise 

hgtit  .nd>cor,or7  g/'>»rg//?"^Dfcp^g'HBfc,<.oQjg-  block,  topsoit 


Croytjh- brown,  fatr/y  loose 
3/CrS  CLAY 


Grayish  brown  to  gray.  l9oa* 
Shghtly  silty  to  jt/ty 
grave fty  SaNCX 


Gray,  compact,  j/tgttt/y 
gravet/y  ^tlty  SANO 


Bff>rvn,  fOir/y  co*npac( 
shghtly  gravity,  SI  fty  SAND  .»• 


Sroy,  corr*f>act,^ligr)t/y 
grofcUy,  siiry^tJD 


occos  tonaf 


bOlf. 


Loose.  g^ay'j/rt>^ot*'r>  ^'ity  ClA  Y 


L  oos  e,  gray.  CLAY 


fa iriy  compact  tocompact, 
gray,  ve^ysitty.  gravelly  3AND 
Oc  COS  lonof  boulder. 


QMI3 


ntly 


DOLOtilTE,  'nfert>edded   ,o^  ' 
vrith  occos  ionol  beds  of 
^hole  ond  h'fnesfone. 
f^ock  £?roksr?  cr/ona  occ- 
asional jO'nfs  cfrKf  port- 
ings-  RocM  apparently 
sound  /^O  inaicafions  of 
fractures  or  i/veattienna 


■  recovery  3£.0  "■ 


Soft, ^roy  CLAY 


Compoc  t,  gray,  siigt>. 
grave  lly  verys/ltyj. 


^ery  compact  gray  g/ai^f 
I — I  «iiU  ly,  very  st/ty  SAt/O. 


D-l(60 


Soft,  gray,    'LAY. 


Loose,  gray  g/t 
S'lty  SAND. 


vally,  very 


Soft  broiv/tfjtt  gray,  sh^tly 
Mn'dyCLAYJf  SILT 


Soft-yray  CLAY 

\£/i»a.ii-ooje.  grayjligtft/y^ondy, 
'~|^^  sliJihtty  grove  fly  CLAY  ^ 
Fairly  loose,  gray  slightly 
grave  fly  very  sifty  ^ANO 

Cornooct,  aray,jtigt7t/y  ^rm^/iy 


fairly  cofnpact.gray 
gij-,,^  gmveliy  very  si  ify  JAND. 


6as*J 


D-il6l 

&Q-  , eiei*» 


Saft.groy,  sI'gttNy  clayey 

5ILT 


D-\2\7 


Jolt  V^y  CLAY 


Compact,  drown/sh-grty 


D-|g|6 


Corr>pec  t,  Orotvilsti-grtj , 
grsvalfy,  very  siltySAtfO    i2i 


Compact,  grey,  gravelly, 
-■'■»■  ''AtJD 


wry  5/1  ty  SAt 


fairly  soft,  brofynish  -  gray, 
jliyht/y  Jta/xfy  JILT  Jt  CLAY 


i-oose^  gray,  sliyhtly 
gratrel/y    to  grave  fly  very 
Jitty  JANO 


D-1219 

fairly  loose,  tirotvrtish  gray. 
gravelly,  s//tf  >■"  ■^^rir 
eizni.^,//-y    JAN, 


D-\22\ 


D-l^^^ 


Ccmfyoct;  gray,  art 
very  sflty   SAND 


—  ^^'  "  ^\foiriy  corrtpoct,  tfrovi/ntsh 
<^ray,  orat^  lly  veryjilty 

fairly      lorr-ipiac  t 

grrsy,  <gravi^f/y,  very  ^t'fty 

JAND  to  SAtVD  a  SILT. 


Compac  ^  gray  qratref/y 

very  Ji/ty,  SAND. 


±0O  £L- 


feirly  compscf,  drownish 
gr9y,  gra^J/y  SAND  £  SILT 


ffiir/y  I'oose,  gr^yi^rayally^ 
rary  s^ndy  SIL  T. 


sandy  SILT  a  CL A 

Loose,  browrf/strgroy 
gravelly  very  srity  JAND- 


fairly  corrtfiocf^oray 
gravelly,  very  siify  SAND 


'  Compact  gray  gravelly 
very  silty  jAtW 


Af}oli^se3  of  overburde. 
ondr-g   ir/mpl^s- 

Anaiuss^    of  dvd  roctr  mre  Aastte/ 
art  xiii'roclr  cores  obtauieif  by 
drilling 

/jfc/e4  numbered  less  ttian  OISVO 
drtl/ad  »"'th  jMi'  casino 

E/evofiona  tiosed  or>  y.S,GS  datum 


3«»  sheet  FilmHn.t4C-A-¥t  -^o*rdmatKaf  tiofes. 


fanly  soft,  gray  slightfy 

IHJL^soiidY.silt^^ClAY 

silly  fo  vr/  Jilf/  JANO 


5T  LAWRENCE  RIVER  PROJECT 

LONG    SAULT     CANAL  -  DIKES 

RECORD  OF   FOUNDATION 
EXPLORATION   no.  ZS 


f«6m>ARr  \3Az 


PLATEin-39 


WAR    DEPAFTTMENT 


CORPSOFE'NGI  NE:ER5,  U.S.  ARM  Y 


D-1223 


D-/^^^4 


D-lg£5 


Compfctf  grey,  s/^ghffy 


a-^d  fravs//y  J/lT  ^^ 

roirly  cofr>pactoray-t>'Wiff^, 


Compact,  gray^  i/af*obf^ 

Jilry  ond'jrai/effyJAHD  •* 


D-1227 


j/zgA/Zy  sarjdy  Jfl  TV  CI  AY 


^air/y  iooJe,  ^o  COrrjpa. 
gray,  gratre/fy.  SANDS 
S/ilt 


s/iah/-/y  ja 


j/iyh^/y  jdndy,  ^ery  CJbyey 

\.5Q(tt>rownuf>-i 


Lcxxje  brqtvr>ijh-gray         '^0 
jha/i/Zy  Silty,gn3W//y 


Fair/y  looiegraychyey 
gra^ef/Y:  ver^  jondy  StLT 


60 fr^  gray,  CLAY 
euass 

Loo^e^  gray^  j/i^hf-/y  grawf/y 
ti.i^oTJAND 

etnAo  '^°>^ly<:o^pocf,^ray,  wry 
ysi^ty.^erycfroi^/fy.  Jfi  NQ 

Compacf'  Qray^  grai/gNy 
very  J///y,  J  AND 


gnavml/y,  S//fy  fo   vtry  y//fy 
SAND. 


F»friy  Qomoact,  gray  s/^htly 
grvrafty  SAND  i  SILT. 


D-IZ29 


D-IZ30 


Compac  t,  bro¥¥n,  siity 
frofQ/Zy  SAND  Occa- 
■Siofiig/  boyt<f»rs. 


Compact;  gr^y,  gravfj^y 
veryssndy  S/L'T  Ses- 
sions/ bou/ders 


^^rfy  .foff,  brownish-gray 
c/^9y  SANDdSfLT. 

g'   JPJJ  TO 


Soff.  grmy,  j/tgAfly  si/fy 
s/igfitty  jMm^  CLAY. 


Compat^,  groy,  gravelly, 
I  V£ry  sea^y  v«rysilty  CLAY. 


Compact,  gray,  grsvellyj  vary 
saneiy  S/L  T. 


Soft  broi^n -gray  slight ty 
Jar>dy  SU  7  Jt  CLAv^ 


^d/t,  ^roy^/igh^^  jorxiy  CLAY 


■5oft^groy,jhyMt/yjandy  and 
gm^etfy  CLAY 

SLALl. 

Pipss  ^oft  gray,  jortdy,  ^/igh/-/y  g/otiml 

foir/y  compact  gray,  SAh 
S'LttS  GPAVCL 

ICaSSlv'ery  compact  gray,  J, /^y 

Uand  s  Travel 


D-/23^ 


D-/233 


0-1234 


D-1235 


0-1236 


D-1237 


D-ia42 


Sor^^rgy,  CLAY 


£1  ita.i. 

Coirnpocr,  gray  gfat^//y  i^ry 
^..y^^^llfy  SAND 
GJ3±2ySoft  gray  ihyhffy  gfova% 

Vilightly  .sandy  very  Ji/fy        ^gp 

\Looje  gray^iighf/y .sif^y 
I  grove //y  SANO 
Corrtpoct,  gray.  grov«lfy 
^     very  joncfy  j/LT 


Loose,  drown,  s/fghtfygrsvtf' 
/y   SAA/O.  Apfierent/y  washed. 


Fs'r/y  compsct  to  comp^cf, 
s//gh*/y  gr^rei/y.  si/ty  SAND. 


Loose,  brown,  s/ighffy  J'ftyj 
s/igAf/y  gr^wf/y  SAND.  S/!e// 
fr,sgf^pn/s. 


Fair/y  compsc/  fo  compact, 
gray,  j/zghHy  gnsi^a/Zyj  j//fy 
SAND. 


Compact,  brown,  s/tghffy 
grsveUy,  S'/fy  SAND. 


Compsc  f,  grey,  s/^ghf/y 
s//ty,  slighHy  grsre//y, 
SAND-  Occasions/ 
bou/derj. 


Fa/r/y  soft,  brownis^h-grey, 
very  clay  ay  S/LT-  _ 


Fai'r/y   soft,  grey  V9ry 
si/ty  CLAY. 


Fairly  soft,  grey,  s/ig/jt/y 
gravelly,  very  ssndy,  vary 
c/ayey  SIL.  T. 


F&ir/y  CofTipac  t,  grSy  — 

grevel/yf  vary  si/tySAND. 


Fairly  compact,  browfi IS  1} -fir ey, 
ei..207-$    clayey,  very  ssnc/y  SIL  T 

Fairly  /oaFa,grey,  gravel (y 
€L.2023  -^AND.  She//  fragments 


ZI\^i-_fM3Loosa 

sandy. 


.  grey,  grsve//y,  very 

try  C/Syey  5lLT 


,   Apparently,  /oose  grey, 
\  gr^ve//y  SAND  ■ 


^c.grty.^ra'^tlly. 

•  6anc 


Alt^hflyclayi'y  i 


a  ve/l/. 


fairly  lao»t,Qrey.  variably 
^_^ra</*lly.oi''y  5A.N0 


fairly  compsii  to  compact 
gravelly  very  S''*-y  SAND     i*j* 


O0LOMlTE,ti9rd,Oi.caS'Q: 

thin  bedo  and  sf^ringtrs  of  ■JUJ' 

thmlt.  Co^sidarabit  calci^t. 

and py rite  fhrouqhsut 

^«v%  i/r>till  Sol'J*iOr  cavaf>C» 

^ock  apparency  sound 

I  Cora   recovery  ^Q.Sfe 


Compscf  brv*wr'a-A  ^rey 
:  rfisa  tf^  ^/£  r.    s;9^Na. 


Sof/ ^r-eii^    :xi/f^     <r<d>f/- 
fv/ff?   peek's  ts    or    /artsas 

of  t/rr/farrr*    if/rr^    Ao 
/rrs t/y^rr7    ^^rrt/   ^if  tY 
m/j(A4/naj    uf    .^^rtty-^^^ 
ff/s^.    ^^rv   /cr**es    e7ry^ee4vf^ 

Sr^J    si^'Ff  a/^^. 
(■^H'^aZ/t^^     ^ri/g£>. 


.^m 


Variable  --ioft  to  stiff  gray 
CL/iY  wifh   .sand  len^ea. 


■/y  ~trarr^yysc^  ^*o*v 


n^yffy,  s'/igAi'/y  ^r-^tr^/^ 


D\243 

Soft  gray  slightly 
sandy. 31 'ty  CLAr. 


DI279 


D\279A 


DI27SB 


72 


Saff  gray  a^/f^  C/./«r 

*"^  i/rTf^ar- ^rr    ^'/»^     ^o 

rrrJ  n  fs/r-a.s     "^    j^r^  ^ 
^vTc/  c  /<S^     /"a  *♦-     /*f^*«9 
er-  ^^^^A'^A.M    <»/*■  **<w;,<y 


€iigr6 


ro  EL  226 2 


fairig  compact  gr^ 
'ight/y  sandg  -S/i  7 


fairig 
s/ight/y 
snc/  CLAyr 


5c:>F^  ^rc  ^, 


^^/r/y  a^>/ny>^c^  A<:j 


^/V#/<r^^/^ 


iF'/Ay  ^yf/Y£?. 
\£t./rA3 


oseCL/iY  J: 


~1 0<5/FA  VCL 


TlziOZ  Soff grag  ziighfliy  sand (^  s'/ft/CLAY 

Loo^egrey  slight ig  clagey  fins 

a^&trSAND  iSILT 


Loose  brov^n  -s/i^htig 
S'Ny  SAND 


a  grog  fine  SAND 


NOTES- 


■  hos^d 


Soft  gray  slfiv  CLAY 


Alnalyse^  ofoiferbarde. 

on   dry   sornplti  a 
Anolus^:^   nf  bed  roCf^  are   ba^ed    on 

Z^rocif  ^orej>   obis/necJ  hydr/ilin^ 
Hols^  niantbarad  Jess  fhar>    i>/jpC) 

drilled   H/lfh  2^' casfntf. 

3eesheatF>hffb   MCiifi*  fbi  Jes^notive  ^ 

terms.  ^ 

See  shz^f  fi'J^ifh/f^^ri   fbraoord-tna-f* 

ofh^lai. 
Clavat/ons  based  on  US.GS  do/um 

M.-S.L.  I9f2  oaU- 


sae      eLiTs^ 
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i 


WAR    DEPARTMENT 


CORPS     or    ENCirCERS    U.S.  ARMY 


D-2000 


D-2001 


0-2002 


V-Z003 


D-200A 


D-ZOOS 


D-2007 


Fairly  co^pocf  to   compoef, 
QToy,    s/igtif>y   to/ufy  to 

S/LT. 


CO^iXfrf.  gr^y.   ifrftrtfy 
90vr¥f,  j-''ffif'y  cA>y«-y     A 

SfLT. 


.VI  lA     \rj/a/^ 


it^Afly   jondy     SILT. 


iit9*h/  e/ayer  fo  jli^if'y 


y/w*/^    SfLT. 


Fa/rfff  3ofr  to  rcff,  9r*y. 
sofftfy.  -yl/gAt/y  gra^tOfi 
jhftt/fy  e/^y^y.  SfLT. 


Fo/r/y  eomf>oft,  gr^y, 
jo/icfy.    j/igfitty  gravmlly 
SIL.T.  cQbblts 


ni*/f/y  co^npac^  j//fh//y 
Siern^'y  c/ayey  S/IT 


f>t/-/y  COrnpac/  /o  CO/t^/MTc/ 

ff^y.  ff'^veffy  /»  s/'fhtfy 
^rwve//y  S^r/D  0  S/iT 


sfff*tfy  j)/fy.  *Hfkt^ 


Compoct    grey     llto/ttly 

^ranfily  S*llDt.SILT. 


D-200e 


0-Z009 


D20I0 


D.20/I 


D20I2 


D20I3 


D20I4 


DS.0I5 


Fo/r/y  ce/r}f/oet,  9f^y,  'Of^y, 
iltfMty  ijfOfctfy  SILT, 


Foirly     com^oef    to    tO*t  <jrtf 
zh^hHy     janafy     j>lty     CLAY 


Foir/y   contpttt  t    ^^e  y 
,h^hhy  ■■ 

sHT. 


\t/y  ^fove/ty  SAfJl>  £ 


Soft-  gra^  &raty/f  shgMi*^ 
sandty  SlLTfCLAr. 


:  /tar  ^ 


SoFf^rwy  broivn,s/*p^^^y 
^^r*£/^   c/a^a^   ^/^  7Tb.  4 


\soFf  gr-e4/   s^/y^A//^/ 


Soft  g/^V,  s/f'g^^/^ 


^r-^tra//iy  _F///^  .^^AFQ 


Fair/y  cample  ^  ^/T/r/? 
££.ryX£ 


Ca^7ty>»sA  ^r^^  s/^gA^/^ 
,^^y-*>^//y   .SAt^£>^  S/£.7: 


.S»yV  0^^^  /fri^n 


'ig/f/4' 

5-/Z.T 


j/y^A^/y  y^rf*'*//y   SA//G 


D20I6 


D20I7 


02018 


02019 


D2020 


D20ZI 


J*.  4 


S//A4/    S^A/£>^  ^/^^AAa, 


r^/rsi4 


^r-^p'^FF^   S'4/^£?€  ^AAZ 


Cafrtfi^^A    ff/'^Y  sA/^AA/iy 
^r-^f^AF^   ^At^yO^SAAX 


SoA*  ^nm^y    s/t'ff^F'F^ 


^^F"^  ^r-tfdy  ^A/^AfA/ty 


SoFt-  gra^y  ^F^^AtFAdy         ^ — 
^^yc^jy     s^F/^F^  AFy  ^///-^ 
CAFfFFts  ^    ^^AV    '^^^iF     ^^^ 


<gj^^  ^aFF^   s-/FF^  J^FFjO 


NOTES' 


^^^yy  ^r,^  ^.AA^  ^^^/r 

•^      —\^F^^^^,  sF,^AFFyj-F^Ay 

\S>0AAA> 

..^^^^F-F  ^r^^y    ^FFFy   ^A^Af 


Ainglys*i^    of  t>ed  focfr  ofF^  S^sGc/  on  P>i  rack 

cores    ohfairtej    by   <Jrillinq 
£lev^ri(,t.ii  6/re  basad  or,  U^BS ■<^'stan^,M.SU9i2ooU. 
holes    numbered    los:>tA>3n    OASOO    dn Uffe^ 

*iith  3  -6"  caz/ro- 
»oler;   f,um6*TreU ^restcr  fhsn  D/SOO   cAr/fled 

Soe  she^t  ///ertS  MC-A^*  Air  dGscripfi^f^   term3. 
See  shaef  File.No-  MC-fl'¥*fi)r  Coordrnvf^*    of^  hof^s. 


^af^y^'^esA    4^/-^^^  s-F/^AfFF^ 
^r^t'^/'F^    yFFF^  ^^FF^a 


/V    ^^-^^^FF^y  s^yF^^^FAL 


V  9^A^^^-^FAQ 
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LONG     5AULT     CANAL-  DIKES 
RECORD  OF   rOUNOATlONi 

ExPLOflATlON  NUMBER     2.7 


PLATE  Iir'4l 


i 


waR   npARTMlNT 


CORPS    Of    ENGINEERS.  U.S.  ARMY 


D2022 


02023 


02024 


02025- 


02026 


02027 


02028 


/1 2e&a  o. 


Sia/'^  ^^ay  ^/My  C^^  y 


Compact  grmyish  iyoivn. 


t//ghHij  gro^ffl^  SAND. 


s^/Z^A^^^ 


S^/"/-  ^r-^^,  s//^At^/y 


&^</^   jr^^  7-  ^  €X^^^ 


NO  res- 


/ino/yS^S  of  over'burden     are  tfsssd  'on  t/rj^ 

sanop/es- 
/>/7s/yS£S    of  beef  rocH  ^^e  bssed  on  5%  " 

roc/r  cores    obtained    by  drNlfna. 
efo^sthns    bastnj   or,   uS.G^     dotumM.S.Lt9t2o^ 
Hoies  numbereei  /ess  than  O/SOO  t^riZ/cd 

Hofes  numbered  Qreater  than  D/SOO 

drifted  A/ith  S^3C3sir}0. 
Sve  ^heet   Rim  No.  MC-/i¥*fordeicr,pt;a^   fef/ns. 
5ee  sAe-ff/    Fil^No  mc-AV*  ^r  coore/maf^s 

af/>oJ«s. 
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NO. 23 


zr 


.M^JxlMa. 


..^^^^'""  -i 


MC-A-^/4l 


PLATE. III-42 


ST.    UffiSHCI  BITCB 
PBOBIBB  RKSDLTS  -  LOXG  SiLCLT  CUUJ,,    HEX  tl 


Porting  Xo. 

Porblii^  Vo. 

Dapth 

BlawB 

CoordlDAtee 

Depth        Blove 

OescrlptlOB 

Coordinates 

ia 

per 

Suplo 

Description 

and  Surface 

fn               per 

Saaplei 

of 

HJtShXS" 

r»«t 

root 

lo. 

Depth 

of  Sa^>1«« 

Klevatioo 

Teet         root 

Bo. 

Depth 

Saqilaa 

PB-ii66< 

PB-U681 

I.      1,S12,601 

O-lU 

5 

SI 

7.6 

Sllty  U.m  (Shells) 

I.     1,811,309 

0-15        5 

SI 

7.6 

Sllty  CUT 

«•        35«,5*7 

ll»-2J 
23-2U 

20 

S2 

13.6 

Sandr,    tUt7  CUIT 

«-          353.079 

15-16  15 

S2 

13.6 

Sllty  CUT 

&.            216.9 

61 

S3 

19.6 

SILT  A  OAT 

B.               227.1 

16-17     59 

S3 

20.6 

SABD 

2l»-25 

108 

17-22     37 

25-26 

231 

22-2lt    97 

lo  Bafus&l 

2it-25    ai 

Bo  Befueal 

FH-lt6&) 

I.     1.812.539 

0-6 

3 

SI 

7.6 

Sllt7  CUT 

nAisz 

«.        358,253 

6-20 

7^ 

S2 

13.6 

Sllty  CLiT 

~l.     1.811,508 

0-gl       It 

SI 

7.6 

SUty   SiBD 

IL.               216.9 

20-22 

36 

S3 

20.U 

SJlHI)  a  GBATSL 

I-        353.058 

31-3^     36 

S2 

13.6 

Sllty  CUT 

22-25 

15 

XL.               226.2 

3'i-35    52 

u 

20.6 

Sllty  cur 

25-36 

2U 

35-37    30 

26.6 

Sllty  CUT 

36-37 

''5 

37-38    108 

37-39 

6U 

38-32    255 

39-39-5 

90 

No  Befusal 

Rcfaasl 

Pi->4683 

PB-U670 

H.      1.811,079 

0-8          U 

SI 

7.6 

SILT  «   CUT 

I.      1,812,1176 

0-11 

3 

SI 

13.6 

Sllty  sum 

X.          552.802 

8-11        12 

S2 

13.6 

Slity  SATi 

».      375.960 

U-17 

25 

S2 

20.6 

Sllty  SMD 

IL.               227.6 

ll-lU    33 

It.             217. U 

17-23 
23-2't 
2M-25 
25-26 

35 
9U 
136 
217 

* 

lU-lS    117 
15-15-5  1*02 
Bo  Befasal 

■0  EaAinl 

PB-li6gU 

I.      1.811.278 

0-13     u 

SI  7 

,6 

Sandy, SI LTT   CLAY 

PB-U671 

».         352.781 

S2 

13.6 

Sllty  CUT 

I.      l.gl2.>H3 

0-15 

5 

SI 

7.6 

SILT  t,  CLAI 

IL.               226.8 

13-17     26 

«.      357.667 

15-16 

111 

S2 

13.6 

SUty  CLAT 

17-17.8  80 

IL.               218.0 

16-16.5 
BcfuMl 

68 

Befaeal 

PB-U6J2 

PH-l«ig5 
«.     1.811. 177 

0-30       5 

SI 

7.6 

Sllty  SAID 

I.      1,812,350 

*.        357.373 

0-1 

2 

»-          352.760 

30-35     22 

S2 

13.6 

Sllty  CUT 

^-} 

6 

IL.               227.0 

35-36    55 

u 

19.6 

Sllty   CUT 

EL.            219.7 

3-'» 

uo 

260 

36-36.3  11*3 

26.6 

Sllty   CUT 

5-5-9 

Befueal 

S5 

32.6 

Sandy  SILT  *  CUT 

So  SalViMa 

" 

IV-U686. 

PB-46r^ 

I.      l,811.0lt« 

0-18        1| 

SI 

13.6 

Sllty  CUT 

I.     1.812.287 

0-7 

k 

SI 

7.6 

Saady  SILT  i  OAT 

«-          352,503 
IL.               226. U 

I8-I9      60 

s.        357.080 

7-8 

16 

S2 

13.5 

Sllty  SktB 

19-19.5  12lt 

IL.              220.5 

8-10 

10-18 

18-18.lt 

72 
llO 
50 

PH-U687 

Befaeal 

BafttMa 

I.     1.811, 3lt* 
I.          352,482 

0-33       1* 

SI 

13.6 

Sllty  CUT 

35-36     2"t 

S2 

25.6 

Sllty  CUT 

pa-U67>» 

226.2 

36-37      8lt 

H.      1,«12.22<» 

0-8 

5 

SI 

7.6 

SUty  OUT 

37-38    179 

«.         356,787 

8-10 

? 

S2 

13.6 

Sllty  CUT 

lo  Befueal 

E..             218.5 

10-29 

6 

u 

20.6 

Sllty  CL»T 

29-30 

P, 

27.5 

Sllty  «LiT 

PB-U688 

30-33 

33-33-6 

66 

1.      l,8U,lll)5 

0-8          It 

SI 

7.6 

SUty  SAID 

185 

1.          352,1162 

8-11        13 

S2 

13.6 

Sllty  SAID 

iataml 

■L.              227.2 

11-UO    6 

g 

19.6 

Sllty  CUT 

Pl-1.675 

110.53     !■» 

26.6 

Sandy  i  Clayey  SILI 

SVSii    27 
55-55    50 

S5 

33-6 

Sandy  SILT  1,  CUT 

I.      1.812.161 

0-20 

6 

SI 

13.6 

Sllty  CULT 

s6 

39-6 

Sllty  CUT 

«•        356.»93 

20-25 

31 

55-56    77 

S7 

53-6 

SUty  CUT 

IL.               2U.6 

25-25-6 

30 

56-58    W 
5»-59    122 
Bo  Befueal 

PH-lt676 

1.     1,'<12.099 

0-7 

U 

SI 

7.6 

SILT  A   CLAI 

PB-ii6n 

I.     1,811,016 

a.        356.200 

7-10 

10 

S2 

13.6 

Sllty  CUT 

0-11       ll 

IL.               218.>> 

10-20 
20-21 
a-21.2 
Icfaaal 

7 

1)8 

50 

1.        352.205 
K.            226.6 

11-12     32 
12-12.5  30 
Befaeal 

P^«77 

1.     1.811.215 

0-15       8 

SI 

13.6 

Sllty  SAID 

I.      1.812.036 

0-26 

5 

SI 

7.6 

Sllty  SAID 

I.       352. isu 

«.          355,907 

2»-27 

2l* 

S2 

13.6 

Sllty  CUT 

■..             227.8 

15-27    5 

S2 

27.6 

aayey  A  SUty  SABS 

IL.               219.2 

27-2« 

Uo 

g 

20.6 

Sllty  CUT 

27-36    9 
36-38    25 

2S-28.6 

126 

26.6 

Sim 

SafaMd 

3»-39    51 

I.     1.8U.973 

39-39-8  UO 
Befaeal 

0-7 

6 

SI 

7-6 

sin 

».        355,*13 

7-10 

J9 

32 

13.6 

Sllty  SJUn 

W.1.691 
I.     l.gll.Ulli 

B..               220.0 

lO-lk 

23 

0-17       7 

SI 

13-6 

SUty  SABO 

1^19 

32 

«.         352.163 

17-1«     56 

S2 

26.6 

Sllty   CUT 

19-19-9 
BaftaMl 

75 

K.               227.5 

ll»-l4«.2  75 
Befaeal 

S3 

39-6 

Sllty  CUT 

«HS6]3 

PB-H692 

1.    1.811.910 

0-5 

6 

SI 

7.6 

Sandy,    ClAI  *   SILT 

1.      1,810.985 

0-u      3 

SI 

13-6 

SUty  SAID 

«•        355,3ao 

5-7 

20 

*.      351.907 

"t-19     11 

S2 

27.6 

SUty  OAT 

IL.               223.8 

7-8 

53 

IL.               226.7 

19-63    6 

6v6ii    61 
6li-65    ito 

s 

110.6 

Saady  SILT 

8-9 
9-10 

9» 

13« 

5>».6 

Sandy,    Clayey  SILT 

10-U     15 
lo  B«ftiMX 

. 

65-«7    61. 
lo  Befueal 

FB-lt680 
1.      1,8U.U0 

0-7 

5 

SI 

7.6 

Sandy  SILT  «  CUT 

PH-U693 
1.      If811,18lt 

0-77       6 

SI 

13.6 

Sllty  SAIE 

I.        353-100 

7-11 

9 

S2 

13.6 

Sllty  SAID 

1.          351,886 

77-79     "18 

S2 

26.6 

SUty  SABS 

IL.               226.9 

H-Jl 

7 

B..               226.8 

79-80     80 

S 

I10.6 

SUty  CUT 

15-16 
16-17 

52 

■a  Befaeal 

53-6 

Sandy,    Sllty  CUT 

17-I7.'l 

FILE  NO  MC-A-2/42 
PLATE    in -43 


ST.   UVBDCI  RinR 
PBOBIIS  ESSOLTS  -  LORD  SUJLt  CtMJLL,   DOS  A 


Profclng  Ko. 

Problac  Bo. 

CoordlnAtet 

Depth 

Bloin 

DeeeriptloB 

Coordloatee 

Depth 

Blove 

Description 

and  Surface 

In 

per 

Saaplet 

of 

and  Surface 

la 

par 

Saaplee 

of 

CI  erst  ion 

Feet 

n>ot 

lo. 

aepth 

Sople* 

negation 

Yaat 

root 

Bo. 

Depth 

Saaplee 

PH.lt69'» 

PB-U/oy 
I.     I,gl0.93« 

».      l.m,383 

0-2 

H 

SI 

13-6 

Sandy,    Silty  CU.T 

0-3 

3 

s.        351.865 

2-5 

U 

S2 

27.6 

SUty  CLkl 

«•         351. ''W 

3-7 

6 

IL.               227.'! 

5-29 

29-31 
Jl-61 
61-66 

66-82 
82-85 
85-85.6 
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LONG  SAULT  CANAL 
SUMMARY  OF  TEST  DATA 

TYPICAL  WATER  CONTENTS 

D-1759  (Glacial  Till) 


(feet 

0 

%  Dry  Weight 

5.1 
15.0 
20.0 
26.0 
51.0 

DENSITY 

8.7 
8.1 
6.1+ 
8.8 
8.5 

Drill 
Hole 

Depth 
(feet) 

Unit  Wet  Wei 
(lbs. per  cu. 

Lght 
.ft.) 

Material 

D-1156 

8.5 
53.5 
36.5 

109.1 
102.0 
105.2 

Brown  Sandy  Clay 
Gray  Clay 
Gray  Clay 

D-1160 

50.5 
53.5 
60.5 
63.0 

98.5 
100.3 
105.3 
106.6 

Gray  Clay 
Gray  Clay 
Gray  Clay 
Gray  Clay 

D-1160 

33.0 

100.3 

Gray  Clay 

D-1175 

33.2 
67.1 

1U8.6 
153.7 

Glacial  Till 
Glacial  Till 
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LONG  SAULT  CANAL 
Sm-CJARY  OF  TEST  DATA 

SPECIFIC   GRAVITY 


Drill 

Depth 

Specifio 

Hole 

(feet) 
Clay 

Gravity 

D-1156 

13.9 

2.73 

22.1 

2.76 

22.5 

2.72 

53.6 

2.71 

kU.6 

2.7U 

D-1156  B 

7.5 

2.68 

20.9 

2.66 

20.9 

2.75 

20.9 

2.70 

21.9 

2.75 

52.1 

2.75 

^4.0.9 

2.71 

55.0 

2.75 

D-1160 

51.7 

2.72 

62.8 

2.77 

D-1160  A 

32.9 

2.79 

U6.3 

2.80 

U6.3 

2.82 

Drill 
Hole 

Depth 
(feet) 

Clay 

Specifio 
Gravity 

D-1160  B 

10.5 

■2.65 

20.0 
33.3 
75.9 

2.^5 

D-12i+5 

5.7 
18.2 

55.3 

2.70 
2.75 
2.75 

D-1279  A 

7.1 
10.0 
11.6 

2.70 
2.75 
2.7U 

T-lOOOp 

ii+.5 

Till 

2.77 

D-im9 

D-1152 

61.3 
28.8 

3U.5 

2.76 

2.75 
2.72 

D-1175 


142.5 


2.76 
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LONG  SALLT  CANAL 
SUMMARY  OF  TEST  DATA 

ATTERBERG  LIMITS 


Drill 

Depth 

Liquid 

Plastic 

Drill 

Depth 

Liquid 

Plastic 

Hole 

(feet) 

Limit 

Limit 

Hole 

(feet) 

Limit 

Limit 

D-1156 

13.9 

54.2 

D- 121+3 

5.7 

37.3 

23.8 

20.0 

14+.  3 

18,2 
35.3 

1+8.7 
26.1. 

26.9 
16.1 

D-1156  B 

7.5 

1+9.1 

23.7 

lU.8 

51.5 

23.5 

D-1279 

7.1 

69.6 

31.0 

20.9 

1+3.2 

31.3 

25.U 

1+5.0 

29.0 

D-1279  A 

10.0 

61.5 

33.0 

30.5 

1+7.0 

31.1 

36.U 

1+3.8 

29.8 

D-1279  B 

13.9 

1+2.5 

25.1 

U0.8 

]|?.0 

52.0 

li7.5 

1+9.1+ 

3i+.o 

T-lOOOp 

II+.3 

1+0.2 

55.0 

56.1 

33.5 

D-1160 

51.8 
63.0 

38.3 
U5.8 

Limits 

stated  as 

water  contents 

D-1160  A 

32.9 

l+l+.l 

in  percent  of  dry  weight. 

D-1160  B 

10.5 
2U.8 

ItO.5 
52.8 

■      66.1; 

59.0 
5U.7 
5I+.0 
53.7 
i4l+.i+ 

39a 
30.9 
31.0 

31.1+ 
22.8 
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TEST  RESULTS 

LONG  SAULT 

CANAL 

TRIAXIAL  SHEAR  TESTS 

I thaca 

- 

Test 

Cyl. 

Depth 

o— 

Max.   a- 

Strain 

Time  to 

Original 

Final 

No. 

No. 

No. 

(ft.) 

3 

1 

at  Max. 

Reach  i'<Iax. 

w 

w 

(tsf) 

(tsf) 

{%) 

(Minutes) 

{%) 

(^) 

30 

6 

Hole 

D-1156 

-B  -  Cons 

olidated 

C^uick  Tests 

37.0 

1 

11.5 

0.29 

1.58 

15.0 

17 

2 

31 

6 

11.5 

0.64 

2.27 

9.2 

11 

37.0 

3 

28 

8 

16.4 

0.40 

1.64 

13.2 

12.5 

52.0 

43.8 

^ 

35 

9 

17.4 

0.97 

1.99 

8.5 

5 

47.4 

42.5 

5 

3^ 

10, 

19.0 

0.47 

1.35 

10.8 

6 

50.0 

53.5 

6 

32 

U 

24.0 

0.59 

1.52 

5.5 

4 

58.5 

62.9 

7 

33 

U 

24.0 

1.34 

2.70 

5.5 

4 

58.5 

53.0 

8 

25 

17 

21.1 

0.68 

1.77 

6  1 

10.0 

59.0 

54.2 

9 

36 

18 

28.6 

0.71 

1.62 

11.5 

6 

62.5 

61.8 

10 

37 

18 

28.6 

1.60 

3.15 

4.6 

3 

62.5 

53.8 

11 

29 

21 

33.0 

0.81 

2.02 

7.6 

8.0 

58.8 

47.8 

12 

38 

24 

37.2 

0.91 

1.89 

7.6 

4 

56.3 

56.4 

13 

39 

24 

37.2 

2.06 

3.64 

7.1 

4 

56.3 

48.6 

U 

27 

26 

39.4 

0.97 

2.25 

5.0 

4.5 

58.8 

52.8 

15 

-^1 

29 

43.2 

1.07 

2.23 

7.3 

3 

60.6 

55.7 

16 

40 

29 

43.2 

2.41 

4.20 

5.2 

3 

60.6 

51.1 

17 

42 

32 

48.3 

1.19 

2.50 

4.4 

3 

63.9 

63.4 

18 

45 

32 

48.3 

2.69 

4.88 

3.9 

3 

63.9 

52.7 

19 

26 

34 

51.2 

1.26 

2.93 

2.5 

3.0 

64.3 

59.5 

20 

46 

36 

55.9 

1.38 

2.66 

4.3 

3 

58.8 

57.1 

21 

47 

36 

55.9 

3.12 

5.26 

4.5 

3 

58.8 

48.9 
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TEST  RESULTS 

LONG  SAULT  CANAL 

TRIAXIAL  3HEAK  TESTS 

Ithaca 

Test     Cyl.     Depth       o-  Max     <r       Strain       Time  to  Original  Final 

No.     No.       No.        (ft.)          3                      1     at  Max.  Reach  Max.  w  w 

(tsf)        (tsf)            {%)  (Minutes)  {%)  {%) 

Hole  D-1160-B  -  Consolidated-Quick  Tests 


1 

A9 

6 

12.2 

0.25 

1.12 

7.1 

3.5 

39.4 

35.3 

2 

AS 

6 

12.2 

0.63 

1.44 

13.2 

7.0 

35.8 

34.2 

3 

51 

12 

20.8 

0.43 

1.04 

6.2 

3.5 

69.1' 

67.8 

A 

50 

12 

20.8 

1.08 

2.21 

2.5 

1.5 

68.9 

63.7 

5 

53 

16 

26.5 

1.37 

2.58 

4.6 

2.5 

61.0 

53.8 

6 

52 

18 

30.4 

0.63 

1.31 

6.0 

3.5 

63.9 

63.3 

7 

5A 

21 

34.9 

0.72 

1.69 

1.6 

1.0 

65.7 

62.7 

8 

55 

21 

34.9 

1.82 

3.15 

4.1 

2.5 

66.7 

65.2 

9 

56 

26 

42.1 

0.88 

1.70 

4.1 

2.5 

65.7 

66.9 

10 

57 

26 

42.1 

2.19 

3.67 

4-4 

2.5 

65.7 

52.6 

11 

59 

32 

49.8 

1.03 

2.10 

3.3 

2.0 

67.3 

65.4 

12 

58 

32 

49.8 

2.59 

4.34 

3.5 

2.0 

67.3 

-54.3 

13 

60 

36 

54.9 

1.14 

2.49 

3.6 

2.0 

53.9 

56.8 

U 

64 

36 

54.9 

2.85 

4.49 

3.3 

2.0 

53.9 

48.3 

15 

61 

AO 

61.4 

1.27 

2.38 

3.3 

2.0 

56.6 

48.4 

16 

65 

AO 

61.4 

3.18 

5.09 

3.2 

2.5 

56.6 

46.8 

17 

67 

A5 

70.1 

1.45 

2.48 

3.4 

2.0 

42.8 

40.3 

18 

66 

45 

70.1 

3.60 
Hole 

5.43 
D-1156  - 

2.5 
-  Quick  Tests 

1.5 

42.8 

38.3 

1  7  5  3h2  1.08   2.53  14.0  46.0 

2  6  6  9.5  0.43   1.71  11.2  43-9 

3  8  7  10.7  2.16   4.11  12.7  43.1 

4  9  8  12.8  4.32   5.84  13-6  43.5 

5  5  12  21.3  0.40  4.0  55.3 

6  1  14  33.6  0.47  10.9  54-5 

7  3  15  34.7  2.16   2.90  13.8  56.1 

8  2  16  35.9  1.08   1.79  13.2  58.0 

9  4  19  50.6  4.32   4.94  9.0  60.0 

10  44  1  5.2  0.40  17.5  10.0  39-2 

11  43  2  6.2  0.53  2-3  1.0  35.8 

12  135  12  21.9  0.75  8.5  4-5  56.4     55.4 

13  136  12  21.9  0.95   1.69  14-1  8.0  56.4     55.7 

14  153  13  23.3  0.39  6.7  3-5  57.7     57.5 

15  137  20  32.1  0.40  7.6  4.0  57.3     57.0 

16  138  20  32.1  1.16  1.79  19.5  11.0  59.1  58.8 
16a  184  22  35.1  0.43   1.^0  i^.l  7.5     60.8     60.8 

17  152  25  3c-.  6  D.34  8-6  4.5  6(-.5  57.9 
1&  L39  .7  ,0.9  1.36  2.03  9-3  ■  5.0  6o.6  60.0 
19  140  33  50.2  1.56   2.27  9.3  5.0     66.1     65.9 
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TEST  RESULTS 

LONG  SaULT 

CANAL 

TRI AXIAL  SiiEAK  TESTS 

Ithaca 

Test 

Cyl. 

Depth 

o-.   iWcX.  0- 

Strain 

Time  to 

Original 

Final 

No. 

No. 

Nc. 

(feet) 

3        1 

at  ivlax. 

Reach  Max. 

w 

w 

(^T^f;   (tsf) 

{%) 

(Minutes) 

{%) 

{%) 

Hole  D- 

1156-3  -  Slow  Tests;  No  Dr. 

ainage 

(Rate 

of  Loading  =  0.003  inches/i 

min.) 

20 

181i 

15 

25./. 

0.-43    0.85 

15.0 

270.0 

61.6 

61.5 

21 

179p 
180'' 

16 

26.2 

0.00    0.63 

15.0 

190.0 

63.3 

62.9 

22 

16 

26.2 

0.^3    1-02-f- 

10. Qf 

1^0.  Of 

57.5 

57.2 

23 

182 

19 

30.5 

1.08    1.7/; 

16.0 

290.0 

55.2 

55.2 

2U 

183 

22 

35.1 

2.16    2.72 
Hole  D-1160  - 

16.0 
Quicic  Tes 

300.0 
ts 

63.2 

63.2 

1 

16 

9 

53.8 

0.43    1.02 

9.3 

58.4 

2 

15 

10 

55.3 

1.08    1.96 

7.5 

36.2 

3 

U 

11 

56.7 

A. 32    ^.99 

7.7 

64.7 

A 

17 

U 

6/^.8 

2.16    2.78 

U.8 

4^.7 

5 

23 

16 

69. ^ 

Unconf.  0.37 

9.7 

•  42.0 

Hole  D-li60-A 

-  Quick  Tests 

6 

18 

10 

19.^ 

0.A3    0.90 

15.9 

53.3 

7 

2h 

11 

20.^ 

Unconf.  0./,/| 

10.1 

60.9 

8 

19 

12 

22.8 

1.08    1.67 

9.4 

64.5 

9 

20 

U 

25.3 

2.16    2.80 

12.8 

58.7 

10 

21 

15 

30.5 

A. 32    .^.67 

12.0 

79.0 

Hole  D-1160-B 

-  Quick  Tests 

10a 

63 

3 

8.1 

0.49 

3.9 

2.0 

58.4 

58.1 

11 

159 

7 

u.i 

0.28    0.76 

16.1 

9.5 

43.5 

42.8 

12 

160 

19 

31.2 

0.63    1.22 

11.0 

6.0 

65.8 

64.7 

13 

161 

33 

50.7 

1.02    1.59 

U.2 

7.5 

68.3 

67.0 

U 

162 

^6 

72.0 

1.44    2.09 

13.7 

8.0 

39.2 

38.8 

Hole  D-12ii.3  -  Consolidated-Quicic  Tests 

1 

102 

1 

5.7 

0.-43    1.31 

15.9 

8.5 

32.1 

36.9 

3 

99 

2 

7.2 

1.08    2.52 

7.6 

4.0 

29.3 

23.1 

5 

100 

3 

8.0 

2.16    3. 80 

1.7 

1.0 

52.4 

42.1 

8 

105 

6 

12.3 

0.43    1.24 

5.2 

3.0 

50.5 

48.0 

9 

10/^ 

7 

u.o 

1.08    2.27 

9.5 

5.0 

50.3 

4i;.3 

10 

103 

7 

u.o 

2.16    3.69 

9.5 

5.5 

50.3 

41.3 

13 

106 

13 

25.9 

0.43    1.17 

11.7 

7.0 

45.8 

42.3 

15 

107 

15 

32.3 

1.08    2.12 

6.7 

4.0 

43.3 

39.1 

16 

108 

15 

•32.3 

2.16    3.53 

6.3 

3.5 

43.3 

35.7 

Rate  of  loading  =  O.OO4  inches/minute 


Test  interrupted,  maximiMi  values  extrapolated 
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TEST  RESULTS 

LONG  SAULT  CANAL 

TRIAXIAL  SHEAR  TESTS 


No. 


Ithaca 
Test  Cyl. 
No.   No. 


Depth 
(ft.) 


o- 
3 
(tsf) 


Max,  o  — 

1 
(tsf) 


Strain 

at  I^Iax. 


Time  to 
Reach  Max, 
(Ivlinutes) 


Original 
w 

{%) 


Final 


2 

6 

7 

11 

22 

U 


1 
2 


3 
5 
7 


A 
6 
8 
9 


10 
11 
12 
13 
U 
15 


90 
91 
171 
98 
174 
101 
172 


167 
163 


68 
78 
77 


82 
76 
74 
73 


72 
71 
80 
75 
79 
81 


Hole  E 

>.124^  - 

Quick  Tests 

2 

7.2 

0.35 

19,9 

11.5 

37.4 

46.7 

3 

8,0 

0.51 

4.3 

2.5 

51.2 

49.2 

5 

11.6 

0.26 

0.66 

14.0 

7.5 

52.5 

51.9 

6 

12.3 

0.62 

13.1 

8.0 

50.5 

52.4 

10 

18.0 

1.U 

2.05 

15.7 

9.0 

50.0 

49.0 

13 

25.9 

0.39 

9.6 

5.0 

45.8 

45.4 

14 

27.7 

0.63 

1.17 

12.6 

7.0 

45.0 

44.5 

Hole  D-1279  - 

Quick  [ 

rests 

^ 

I 
1 

1 

5.2 

0.54. 

2.02 

15.5 

8.5 

44.6 

44.6 

3 

7.1 

1.08 

2.32 

13.4 

7.5 

56.4 

55.9 

Hole  D-1279-A 

-  Quick  Tests 

j 

1 

5.8 

0,76 

2.6 

1.5 

48.3 

48.3 

3 

8.0 

0.65 

4.7 

2.5 

56.7 

56.7 

4 

10.0 

0.89 

10.4 

6.0 

50.0 

50.0 

Hol6  D-1279-A 

-  Consolidated 

Quick  Tests 

47.6 

45.4 

2 

2.2 

2.16 

3.3S 

^.5 

2.5 

3 

8,0 

2.16 

4.10 

4.5 

3.0 

56.6 

54.9 

5 

11.5 

0.54 

1.23 

10.8 

6.5 

53.1 

52,3 

5 

11.5 

1.08 

1.94 

9.9 

5.5 

51.6 

47.6 

Hole 

[)-1279-B 

-  Consolidated 

Quick  Tests 

44.6 

44.9 

1 

5.6 

0,54 

2,12 

U.7 

8,0 

1 

5.6 

2.16 

4.25 

8.0 

5.5 

45.5 

44.2 

2 

7.1 

1.08 

2.20 

12.8 

7.0 

53.9 

50.1 

2 

7.1 

2.68 

4.89 

4.8 

3.0 

59.1 

52.9 

3 

7.9 

0.54 

1.90 

5.4 

3.0 

51.5 

50.3 

5 

13.9 

2.16 

3.55 

3.2 

2.0 

43.8 

40.7 
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i 
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PLATE       in-68 


PLATE     Tn-69 


PLATE     in -70 


PLATE    in-71 


ii 


TmjsLSi^ 


o 


r-1- 


;4:|- 


i©    -•-!-© 


S-Jd 


-O^-r 


IDE 


13 


»i»YC 


Ii 
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An  investigation  was  made  of  the  methods  and  experience  during 
construction  at  the  Beauharnois  Canal  and  hydroelectric  development  on 
the  St»  Lawrence  River  to  make  a  comparison  of  the  clays  in  that  area 
with  those  deposited  in  the  area  of  the  St,  Lawrence  River  Project* 
Much  information  was  obtained  and  it  is  presented  in  the  following 
report.  Later  during  the  investigations  for  the  dikes  in  the  vicinity 
of  the  Long  Sault  Canal  two  6"  holes  were  drilled  to  obtain  undisturbed 
samples  frcrni  the  Beeuharnois  area.  The  samples  were  tested  for 
shearing  strength,  water  content,  specific  gravity,  and  AttSrburg  Limits 
so  that  the  results  could  be  compared  with  those  obtained  on  undisturbed 
samples  taken  from  the  Long  Sault  Canal  area.  The  sampling  operation 
and  testing  procedures  were  similar  to  those  described  in  the  Long 
Sault  Canal  Design  Analysis.  The  results  of  the  tests  have  been  appended 
to  the  following  report  as  Plates  A-l  to  A-7«  The  location  of  the  two 
drill  holes  have  been  inserted  on  Figure  1  of  the  basic  report.  Detailed 
descriptions  of  the  tests  are  presented  in  the  Final  Report  prepared  by 
the  Syracuse  District  Soils  Laboratory,  on  file  in  the  district  office 
files. 


Long  Sault  Canal:  Design  Analysis 
Appendix  A 

INVESTIGATIONS  AT  BEAUHARNOIS  CANAL 

1.  INTRODUCTION 

!•    Purpose ,   -  The  purpose  of  the  investigations  at  Beauhamois 
Canal  was  to  study  methods  and  experiences  during  construction  of  the 
canal  to  obtain  information  that  would  possibly  be  useful  to  the  U»  S, 
Engineer  Office  at  Massena,  N.  Y.  in  the  design  and  construction  of  the 
canal  slopes  and  dikes  in  connection  with  the  St.  Lawrence  River  Project, 
Records  of  subsurface  exploration,  soil  test  data,  and  reports  and  plans 
of  the  progress  of  construction  were  made  available  to  the  writer  by  the 
Beauhamois  Light,  Heat,  and  Power  Company  which  was  foimerly  the  Beau- 
hamois Construction  Company,  during  early  construction  stages.  Descrip- 
tions of  the  project  are  based  on  data  furnished  by  the  power  company, 
and  details  of  construction  operations  and  information  on  difficulties 
encountered  during  construction  are  based  on  interviev/s  with  company  of- 
ficials. 

11.  SUI^IARY 

2.    General.  -  Construction  of  Beauhamois  Canal  involved  the  con- 
struction of  approximately  30  miles  of  dikes  along  the  canal  varying  in 
height  from  10  to  43  feet,  and  necessitated  diversion  of  three  railway 
roadbeds  v/hich  required  embarkment  fills  up  to  30  feet  in  height.  These 
dikes  and  embankments  were  founded  on  marine  clay  which  had  a  relatively 
low  bearing  capacity  and  extended  to  a  maximum  depth  of  45  feet.  In  some 
areas  during  construction  the  canal  dikes  slumped  at  a  height  of  about 
24  feet  with  slopes  of  1  on  3»  ^^^   "the  railroad  embankment  slumped  at 
heights  of  20  to  25  feet  with  slopes  of  1  on  1-1/2.  In  the  same  areas 
dikes  and  embankments  of  similar  height  and  slopes  stood  up  without  any 
indications  of  slumping,  ^n  analysis  has  been  made  of  these  conditions 
from  t he  available  information,  and  the  conclusions  have  been  reached  that 
where  foundation  conditions  were  not  a  deciding  factor,  some  minor  vari- 
ation in  construction  procedure  was  sufficient  for  some  sections  to  be 
stable  and  others  to  slump, 

III.  GENERAL  DESCRIPTION 

3»   Site.  -  The  Beauhamois  hydroelectric  development  site,  shown 
in  Fig.  1,  is  located  in  the  Province  of  Quebec  between  Lake  St.  Francis 
and  Lake  St,  Louis.  Between  the  two  lakes  the  St,  Lawrence  River  has  a 
drop  of  approximately  83  feet  in  15  miles.  The  development  which  is  to 
be  an  integral  part  of  the  proposed  St.  Lawrence  Waterway  consists  of  a 
diversion  canal  between  the  two  lakes  located  south  of  the  St.  Lawrence 
River  with  the  power  plant  at  the  Lake  St.  Louis  end  near  the  town  of 
Beauhamois  which  is  located  25  miles  from  Montreal.  The  Beauhamois 
Canal  project  was  started  in  I929,  and  when  completed  the  dsvelopment 
will  have  a  generating  capacity  of  approximately  2,000,000  hp.  Provision 
has  been  made  for  a  navigation  channel  in  the  power  canal,  and  the  Cana- 
dian Government  has  reserved  the  right  to  constract  the  necessary  locks 
between  the  canal  and  Lake  St.  Louis.  Included  in  the  development  are 
plans  for  constructing  river  control  works  in  the  St.  Lawrence  River  which 
consist  of  dams  across  three  of  the  four  river  channels  at  the  head  of 
various  rapids  between  the  two  lakes  to  regulate  flow  and  to  maintain 
the  level  of  Lake  St.  Francis.  Tbis  part  of  the  development  has  been  in 
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progress  since  1933 • 

4«     Construction  Program.  -  The  canal  which  is  13 •S  miles  long  ex- 
tends across  relatively  flat  country,  and  practically  the  entire  canal 
area  is  below  the  Lake  St.  Francis  low  water  level,  so  that  it  was  neces- 
sary to  carry  the  canal  between  dikes  for  its  entire  length.  The  con- 
struction procedure  consisted  of  building  dikes  from  the  surface  material 
in  the  canal  area  and  dredging  from  the  canal  v:hen  the  dikes  were  completed 
depositing  the  material  behind  the  dikes.  The  design  and  construction  of 
the  project  was  based  on  step  by  step  construction.  As  the  need  for  ad- 
ditional water  diversion  has  increased,  additional  excavation  by  dredging 
has  been  carried  on,  and  this  procedure  will  be  followed  to  the  completion 
of  the  development.  The  development  also  involved  the  maintenance  across 
the  canal  of  three  railways  and  two  main  highways  carried  on  bridges.  Con- 
struction of  railway  approach  fills  was  carried  on  simultaneously  with 
construction  of  the  canal  dikes. 

5»     Subsurface  Exploration.  -  The  overburden  in  the  canal  area  was 
explored  by  the  construction  company  by  test  pits  and  s ounding  using  rod 
and  casing  to  determine  the  extent  of  marine  clay  and  the  depth  to  sand 
and  gravel.  A  plan  of  the  exploration  with  descriptions  of  materials  en- 
countered is  shown  in  Figs.  2  and  3*  m  the  progress  of  investigations 
for  the  Massena  Office,  exploration  by  auger  borings  and  soundings  was 
made  to  obtain  additional  information  concerning  subsurface  conditions 
along  the  south  approach  to  the  Canadian  National  Railway  bridge. 

6.     Subsurface  Fomations.  -  In  general,  the  soil  through  which  the 
canal  was  cut  has  a  relatively  low  bearing  capacity  and  consists  of  a 
layer  of  brown  clay  for  the  most  part  overlying  marine  clay.  The  tearing 
capacity  of  this  soil  was  insufficient  in  many  instances  to  support  the 
loads  imposed  by  the  construction  of  canal  dikes  and  railroad  embantanents 
and  slumping  occured  during  construction.  At  the  Lake  St.  Francis  end 
of  the  canal  the  ground  surface  is  relatively  low,  being  only  slightly 
above  the  normal  lake  level.  Over  most  of  the  canal  route  the  ground  sur- 
face is  level,  but  about  4  miles  east  of  Lake  St.  Francis  a  glacial  boulder 
clay  ridge  occurs  about  10  feet  above  lake  level  which  crosses  the  canal. 
Beyond  the  ridge  the  ground  surface  is  uniformly  flat  until  in  the  vicin- 
ity of  the  power  house  forebay  where  it  rapidly  falls  away  to  the  level 
of  Lake  St.  Louis. 

?•    In  the  area  where  construction  difficulties  were  encountered, 
the  overburden  consists  of  a  layer  of  comparatively  firm  brown  clay  vary- 
ing in  thickness  from  2  to  6  feet  underlain  by  soft  marine  clay  which  ex- 
tends to  a  maximum  depth  of  li-SfQQt   as  shown  in  the  geologic  profiles  of 
Figs.  4  and  5»  At  the  lower  end  of  the  canal  the  marine  clay  is  very 
shallow  or  absent  altogether.  Glacial  sand,  gravel,  and  boulder  clay 
underlay  the  clay  over  the  entire  area.  Rock  v/hich  underlies  the  sand 
and  gravel  is  Potsdam  sandstone  at  the  Lake  St.  Louis  end  and  limestone 
at  the  upper  end. 

8.    Test  Data.  -  Soil  tests  were  conducted  during  initial  stages  of 
construction  to  deteimine  the  characteristics  of  the  overburden  materials. 
Mechanical  analyses  were  made  to  determine  grain  size  distritution  and 
colloidal  content,  and  other  tests  consisted  of  specific  gravity,  water 
content,  and  unitiweight  deteirai nations.  Loading  tests  were  conducted  to 
obtain  information  regarding  the  bearing  capacity  of  the  clay.  Specific 
gravity  determinations  of  solid  particles  of  marine  clay  gave  results 
varying  from  2.75  to  2.80.  Test  results  indicated  that  the  water  content 
varied  from  6o  to  100$g  by  dry  weight  with  an  average  of  about  90%  (50%  of 
total  weight). 
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9.     Photo^rapha,  -  Photographs  were  made  of  the  canal  dikes  and 
railT<ay  embankments  immediately  after  slumping  and  are  on  file  in  the  of- 
fice of  the  Beauharnois  Light,  Heat,  and  Power  Company,  Reference  to 
typical  photographs  is  given  in  Table  I* 

TV.  DIKES 

10.  General  Plan  and  Design.  -  The  dikes  along  the  canal  were  built 
to  provide  a  minimum  channel  width  of  33^^   feet  crest  to  crest  of  dikes 
which  will  ultimately  accorr/ odate  a  floor  equal  to  the  full  allotted  di- 
version from  Lake  St.  Francis  at  low  stage.  At  the  upper  end  of  the  canal 
the  dikes  are  low  and  gradually  increase  to  a  maximum  heigM  of  45  feet 

at  the  power  house  forebay.  The  general  plan  of  construction  consisted 
of  building  the  canal  dikes  in  thr^-e  parts,  t  v/o  parallel  outer  embankiaents 
and  a  central  cors  of  dredge  fill  or  puddle  core. 

11.  The  canal  was  designed  for  a  maximum  water  velocity  of  2.25 
feet  per  second.  However,  the  final  dimensions,  limits  of  excavation, 
and  side  slopes  have  been  determined  on  the  basis  of  material  encountered 
as  the  work  progresses.  When  completed  the  navigation  channel  will  have 
a  minimum  depth  of  27  foot  over  a  clear  bottom  v/idth  of  600  feet.  It 
follows  the  live  of  the  north  dike,  and  for  this  reason  all  dredgings  has 
been  done  at  that  side  of  the  canal. 

12.  Construction.  -  Due  to  the  low  bearing  capacity  of  the  soil, 
the  main  north  and  south  dikes  were  constructed  in  three  separate  stagey. 
The  first  stage  consisted  of  buildiig  dikes  having  a  top  width  of  10  feet 
and  1  on  5  slopes  on  the  canal  side  and  any  slope  the  material  would  take 
on  the  land  side.  The  next  step  was  to  erect  a  parallel  dike  5  feet  wide 
on  top  at  a  minimum  distance  of  200  feet  on  the  land  side  of  the  canal 
dikes  having  any  side  slopes  the  material  would  take.  The  two  parallel 
dikes  wQre  built  of  surface  soil  dragged  into  place  by  tower  excavators 
or  draglines.  The  surface  soil  consisting  of Irown  clay  was  used  because 
of  its  more  stable  character  than  the  underlying  marine  clay.  When  the 
two  embankments  were  completed  the  final  step  consisted  in  digging  a  cut- 
off trench  between  the  two  dikes  and  filling  the  area  with  subsurface 
clay  dredged  from  the  canal.  The  distance  between  the  inner  embankment, 
which  lies  along  the  canal  and  is  called  the  "A"  dike,  and  the  outer  pr 
secondary  embankment  called  the  "B"  dike,  has  been  varied  from  200  to 

600  feet  to  provide  spoil  areas  for  the  excavated  material.  To  provide 
additional  spoil  areas  and  stilling  basins,  auxiliary  dikes  were  placed 
in  back  of  the  "B"  dikes.  A  general  plan  of  these  dikes  and  stilling 
basins  is  shown  in  Fig,  1» 

13»    Qonatrucrtion  Difficulties,  -  Difficulties  were  encountered  dur- 
ing construction  of  the  "A"  dikes  along  the  canal  from  the  vicinity  of 
the  Canadian  National  Railway  to  within  two  miles  of  the  power  house,  A 
slump  of  5  to  10  feet  would  occur  accompanied  by  bulging  of  the  ground 
surface  immediately  beyond  the  toe.  This  difficulty  occurred  along  both 
sides  of  the  canal,  the  slumping  being  prevalent  along  the  entire  reach 
of  the  north  dike  in  this  area  and  intermittent  along  the  south  dike. 
The  maximum  side  slopes  before  slumping  varied  frcm  1  on  2-1/2  to  1  on  3 
for  heights  of  fill  varying  frcm  20  to  24  feet.  In  the  same  area  dikes 
which  remained  stable  had  slopes  of  about  1  on  2.8  for  aL  average  height 
of  24  feet.  As  attempts  were  made  to  top  off  the  dikes  additional  slump- 
ing would  occur,  but  when  finally  built  to  grade  at  Elev.  160,  there  were 
no  further  difficulties.  Of  particular  significance  is  the  feet  that  no 
difficulties  occurred  during  construction  of  the  "B"  dikes  which  had  max- 
imum slopes  of  1  on  2.1  for  an  average  height  of  20  feet.  Typical  cross 
sections  of  the  south  dike  indicating  the  progress  of  construction  are 
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shown  in  Fig,  6.  In  general,  the  "A"  dikes  would  attain  a  condition  of 
equilibrium  when  sufficient  material  had  been  added  t  o  provide  about  1 
on  5  slopes.  Dredging  operations  were  not  begun  until  the  canal  dikes 
had  been  completed,  and  at  all  times  during  dredging  excavation  the  water 
level  in  the  c  anal  vras  maintained  at  approximately  2  feet  below  the  orig- 
inal ground  surface. 

14»   Along  one  section  of  the  North  dike  whei^  slumping  had  occurred 
during  construction,  the  "A"  dike  slumped  about  two  years  later  when  the 
core  pool  was  about  15  feet  above  the  original  ground  surface.  This  oc- 
curred one  month  after  the  dredge  had  pumped  material  into  this  particular 
area.  The  dredge  cut  at  this  time  was  located  approximately  450  feet  from 
the  toe  of  the  dike.  Soundings  were  made  in  the  dredge  cut  to  deter.aine 
whether  that  region  had  been  affected,  but  there  were  no  indications  of 
any  disturbances.  This  is  believed  tobe  the  only  case  where  slumping 
occured  during  pumping  into  the  core  pool  Typical  cross  sections  in t his 
area  before  and  after  slamping  are  shown  in  Fig.  ?• 

15»   Analysis  of  Constraction  Difficulties.  -  There  are  two  consid- 
erations which  could  possibly  explain  the  reason  for  the  "B*  dikes  to 
remain  standing  with  slopes  steeper  than  the  "A"  dikes  which  slumped, 
namely,  a  variation  in  construction  procedure  or  a  change  in  foundation 
conditions.  The  construction  procedure  which  consisted  of  dumping  fill 
material  unifonoly  with  tower  excavators  was  apparently  similar  for  both 
dikes.  However,  since  the  top  elevation  of  the  "A"  dike.s  was  ultimately 
to  be  k   feet  higher  than  the  B"  dikes,  it  is  possible  that  some  minor 
variations  in  construction  caused  slumping  by  overstressing  the  foundation 
and  that  the  "B"  dikes  which  were  at  the  point  of  incipient  failure  had 
a  slightly  higher  factor  of  safety.  Although  the  depth  of  marine  clay 
varied  considerably  over  relatively  large  areas,  the  available  information 
on  subsurface  conditions  gave  few  indications  of  a brupt  changes,  at  least 
in  the  ccmparatively  short  distances  between  parallel  dikes,  and  it  there- 
fore appears  that  the  possibility  of  changes  in  the  foundation  can  be  dis- 
counted. 

V.  CANAL  SLOPES 

16.  Dredging  Operations.  -  Excavation  in  the  canal  has  been  chiefly 
in  clay  except  for  sand  and  gravel  for  approximately  one  mile  in  the  area 
of  the  glacial  ridge.  In  sane  areas  considerable  excavation  will  be  nec- 
essary in  the  sand  and  gravel  beneath  the  clay.  Dredging  operations  were 
begun  in  the  vicinity  of  the  lower  New  Yoric  Central  Railway  crossing  by 
digging  a  pit  for  the  dredge  and  flooding  it  so  that  the  dredge  could 
woric  its  way  up  the  canal  along  the  line  of  the  navigation  channel.  As 
mentioned  before,  the  water  level  during  all  dredging  excavation  prior  to 
diversion  was  maintained  about  2  feet  below  the  original  ground  surface. 
No  attempt  has  been  made  to  trim  the  channel  slopes  by  dredging,  and  at 
present  the  maximum  slopes  adjacent  to  the  north  embankment  are  about  1 

on  1-1/2  while  the  opposite  slopes  are  practically  vertical  for  a  15  foot 
depth  of  cut.  The  present  water  level  in  the  canal  is  maintained  at  Elev, 
150.5. 

VI.  RAILROAD  EMBAMCMENT 

17.  General  Plan.  -  The  construction  of  the  Canadian  National  Rail- 
way relocation  about  midway  down  the  canal  made  it  necessaiy  to  construct 
embankaent  fills  at  the  north  and  south  approaches  to  the  bridge.  Require- 
ments of  railway  companies  for  crossing  navigation  bridges  made  long  ap- 
proach embenlonents  necessary  which  involved  construction  of  fills  up  to 

30  feet  above  the  ground  surface. 

-4- 


18,   Construction*  -  The  construction  procedure  consisted  of  erect- 
ing trestles  on  wooden  sills  which  were  placed  on  the  ground  surface  ap- 
proximately 10  feet  apart.  Timber  stringers  were  placed  on  the  trestles t 
and  railroad  tracKs  were  laid.  Fill  material  consisting  of  glacial  sandt 
gravel  and  boulder  clay  obtained  from  a  pit  20  miles  away,  was  hauled  by 
railroad  cars  and  dumped  from  the  trestle.  No  attempt  was  made  to  com- 
pact the  fill,  and  the  embankment  was  built  allowing  the*  material  to  assume 
a  natural  slope  of  about  1  on  1-1/2. 

19*   Construction  Difficulties.  -  Numerous  slumps  accompanied  by  rup- 
ture of  the  ground  surface  beyond  the  toe  occurred  during  construction 
when  the  fill  was  about  20  to  25  feet  above  ground  surface.  These  occur- 
red in  two  areas  on  the  north  approach  and  on  the  south  approach  frcra  the 
last  bridge  pier  for  a  distance  of  about  35^^^   feet.  Slump  after  slump 
occurred  in  these  areas  during  construction,  and  before  a  conditon  of 
equilibrium  was  established,  it  was  necessary  to  place  approximately 
2,000,000  yards  of  material  below  the  ground  surface, 

20.  Analysis  of  Construction  Difficulties.  -  The  exi stance  of  a 
stable  embankment  section  on  the  north  approach  between  areas  where 
slumping  occurred  was  apparently  due  to  the  relatively  shallow  depth  of 
the  soft  marine  clay,  as  shown  in  the  geologic  profile  of  Fig,  5,  Since 
only  meager  information  was  available  concerning  foundation  conditions 
along  the  south  approach,  additional  exploration  by  borings  and  soundings 
was  made  during  the  investigations  to  determine  whether  the  marine  clay 
decreased  in  depth  progressing  from  the  area  where  the  embankment  slumped 
to  the  area  where  no  slumping  occurred.  However,  the  exploration  indi- 
cated only  comparatively  minor  changes  in  the  depth  of  the  clay,  A  pos- 
sible explanation  of  the  greater  degree  of  stability  of  the  embanJanent 
along  the  further  reaches  of  the  south  approach  is  that  a  more  favorable 
drainage  condition  had  resulted  in  a  higher  degree  of  consolidation  and 
correspondingly  greater  shearing  strength, 

21.  It  is  to  be  noted  that  after  the  railway  embankment  was  finally 
constructed  to  grade  in  the  Breas  where  construction  difficulties  were 
encountered,  no  further  slumping  occurred.  Well  drill  borings  were  later 
made  in  this  area  along  the  south  approach  to  deteimine  the  final  thick- 
ness of  marine  clay.  No  clay  was  encountered  at  one  location  where  the 
clay  had  originally  been  40  feet  deep. 

22.  Additional  Subsurface  Exploration.  -  The  additional  exploration 
made  along  the  south  railway  approach  consisted  of  eight  auger  borings 
and  two  rod  soundings  to  determine  the  character  and  extent  of  the  trown 
clay  and  underlying  marine  clay.  Representative  samples  were  obtained 

of  the  materials  encountered,  and  water  content  determinations  were  made 
at  the  Massena  laboratory.  The  location  and  results  of  the  exploration 
are  shown  on  the  geologic  profiles  in  Fig.  5«  Field  logs  describing  the 
materials  encountered  are  included  in  this  report  as  an  appendix, 

VII .  CONCLUSIONS 

23 •   Soil  Conditions,  -  The  results  of  the  Investigations  of  subsur- 
face exploration  and  soil  test  data  indicate  that  the  overburden  materials 
have  similar  origin  and  are  similar  in  character  to  those  encountered  at 
Massena  with  the  notable  exception  that  the  marine  clay  at  Beauhamois 
has  a  higher  water  content  (90%  as  compared  with  6o%)  which  indicates  a 
lower  shearing  strength, 

24.  General,  -  The  results  of  the  investigations  are  inconclusive 
because  of  the  lack  of  definite  infoimation  about  subsurface  conditions 
and  the  character  of  the  overburden  materials.  The  difference  in  the 
sizes  and  slopes  of  the  embankments  at  the  time  of  initial  construction 
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"difficulties  was  ccmparatively  insignificant,  and  it  is  believed  that  minor 
variations  in  constuction  procedure  were  sufficient  to  cause  some  sections 
to  slump  and  others  to  remain  stable.  However,  it  is  evident  from  the 
constfnction  experiences  at  Beauhamois  that  unless  sufficient  time  is 
allowed  for  the  foundation  to  consolidate  under  the  applied  loads  as  con- 
struction progresses,  the  bearing  capacity  of  the  clay  may  be  insufficient 
to  support  loads  imposed  by  embankments  of  the  manitude  proposed  by  the 
Massena  office.  There  are  indications  that  the  shearing  strength  of  the 
Massena  clay  is  greater  than  the  clay  at  ^eauharnois.  Any  added  precau- 
tions, such  as  placing  the  fill  at  such  a  rate  so  as  not  to  overstress 
the  foundation  material^  at  any  time  or  draining  the  clay  foundation  to 
accelerate  consolidation,  thereby  resulting  in  increased  shearing  strength, 
would  give  an  additional  margin  of  safety  against  possible  construction 
difficulties  or  subsequent  foundation  failure. 

VIII.  REC0!.I.1ENDATI0NS 

25,   If  it  is  considered  sufficiently  important  to  obtain  reliable 
information  about  subsurface  conditions  at  the  Beauhamois  Canal  site 
irtiich  would  explain  the  lack  of  stability  of  the  various  embankments  dur- 
ing the  initial  stages  of  construction,  it  is  recommended  that  explora- 
tion be  made  by  drilling  in  various  areas  to  obtain  undisturbed  samples 
of  clay  for  soil  testing  purposes  to  compare  with  the  materials  at  Mas- 
sena, 
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TABLE  I 

CONSTRUCTION  PHOTOGRAPHS 

B  249-8-18-30  to  E  25;-8-18-30 

Construction  of  north  Canadian  National  Railway  ap- 
approach  fill.  Views  showing'  rround  surface  buldging  beyond  toe 
of  fill  for  approximately  100  feet  from  effects  of  a  10  foot 
slump  • 

B  1243-7-16-32  to  B  1247-7-16-32 

Views  showing  slump  on  the  south  dike  at  approximately 
Sta.  420»  Railroad  engine  and  cars  on  fill. 

Note  I  Negatives  and  prints  of  the  above  and  numer- 
ous other  photographs  are  on  file  at  the  power  plant  of  the 
Beauhamois  Light,  Heat,  and  Power  Company,  BeauhamoiSf  Quebec. 
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LONG  3AULT  CAKAL 
SCEEDULE  CF  BID  PRICES 
ESTIFATED  UNIT  PRICES 


Item 
No. 

Designation 

Unit 

Quantity 

Unit 

Frioe 

Amount 

1 

Excavation,  Long  Sault 
Canal 

C.Y. 

15,699,000 

$     .40 

$6,267,600 

2 

Earth  Fill;   Con?)acted, 
Class  I 

C.Y. 

236,000 

,12 

28 ,320 

3 

Earth  Fill;   Compacted, 
Class  II 

C.Y. 

1.392,000 

.10 

139 ,200 

k 

Earth  Fill;  Class  III 

C.Y. 

1,646,000 

.08 

131,680 

5 

Additional  Rolling 

square 
lOOsf) 

75.000 

.02 

1.500 

6 

Stripping;  Dike  Foundations 

C.Y. 

207,000 

•35 

72,450 

7 

Riprap 

C.Y. 

193,000 

1.50 

289 ,500 

8 

Filter 

C.Y. 

35.000 

2.00 

70,000 

9 

Sand  and  Gravel  Backing 

C.Y. 

33,000 

1.75 

57.750 

10 

Seeding 

square 
lOOsf) 

10,200 

.60 

6,120 

Tbtal 

Engineering  and  Contingencies  19^  ± 

Ibtal  Cost  of  Feature  No.   16 


$7,063,960 

1.271.Q2iO 

$8,335,000 
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This  appendix  consists  of  two  parts  as  follows: 
PART  01^  -  GENERAL  SPECIFICATIONS. 
PART  TWO  -  PURCHASE  SPECIFICATIONS. 
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PART  ONE 


LONG  SAULT  DAM 


GENERAL  SPECIFICATIONS 


Appendix  111-22(2) 


Long  Sault  Dam                                    Invitation  No._ 
NO. Bidder 


(Do  not  write  above  this  line) 

STANDARD  GOVERNI.'ENT  FORI,'  OF  INVITATION  FOR  BIDS 

(CONSTRUCTION  CONTRACT) 

WAR  DEPART^T.^T 
UNITED  STATES  ENGINEER  OFFICE 
L'ASSENA,  NEW  YORK 
.  194 

1.  SEALED  BIDS>  in  duplicate,  subject  to  the  conditions  contained  herein, 
will  be  received  until  2:00  P»r»  E»S»T-.        and  then  publicly  opened  in 
the  United  States  Engineer  Office,  Massena,  New  Yorl:,  for  furnishin^i,  all  labor, 
plant,  and  materials,  and  performing  all  work  for  the  construction  of  Long 
Sault  Dam,  on  the  St.  Lawrence  River,  about  4  miles  north  of  the  village  of 
Llassena,  New  York,  all  as  indicated  on  the  drawings  or  required  by  the  spec- 
ifications. 

2.  SPECIFICATIONS  AND  PLANS. 

(a)  The  work  shall  be  done  in  strict  accordance  with  the  specifi- 
cations and  drav/ings  which  are  designated  as  follows: 

(1)  Long  Sault  Dam  specifications. 

(2)  The  drawings  which  will  become  a  part  of  this  contract  are 
designated  in  paragraph  1-04  of  the  specifications. 

(b)  where  copies  of  drawings  are  requested,  a  deposit  of  twenty-five 
dollars  ($25.00)  will  be  required  to  insure  their  return.  The  deposit  should 
be  in  the  form  of  a  United  States  money  order  or  a  certified  check  made  payable 
to  "The  Treasurer  of  the  United  States."  The  deposit  will  be  refionded  upon 
the  return  of  the  plans  in  good  condition  within  30  days  after  date  of  opening 
bids. 

3.  INVESTIGATION  OF  CONDITIONS.  -  Bidders  are  expected  to  visit  the  lo- 
cality and  site  of  the  work,  and  to  make  their  own  estimates  of  the  facilities 
needed,  and  the  difficulties  attending  the  execution  of  the  proposed  contract, 
including  local  conditions,  availability  of  labor,  uncertainty  of  weather,  and 
other  contingencies.   In  no  case  will  the  Government  assume  any  responsibility 
whatever  for  any  interpretation,  deduction,  or  conclusion  drawn  from  the  ex- 
amination of  the  site.   At  the  bidder's  request,  a  representative  of  the  Govern- 
ment will  point  out  the  site  of  the  proposed  operation.   Failure  to  acquaint 
himself  with  all  available  information  concerning  tliese  conditions  will  not 
relieve  the  successful  bidder  of  assuming  all  responsibilities  for  estimating 
the  difficulties  and  costs  of  successfully  performing  and  completing  the  work. 
(See  paragraphs  1-18  and  1-19  of  the  specifications.-) 

4.  WAGE  AW   LABOR  PROVISIONS.  -  Wage,  labor,  and  anti-discrimination  reg- 
ulations are  specified  in  paragraph  1-38  of  the  specifications  and  Articles  11 
(Revised),  17,  and  19  (Revised)  of  the  contract.  Attention  of  bidders  is  in- 
vited to  7/ar  Department  Labor  policy  for  defense  construction  projects  set  out 


-A- 


in  memorandum  of  agreement  approved  July  22,  1941.  Successful  bidders  will  bd 
expected  to  adhere  to  provisions  of  the  agreement,  copies  of  which  are  on  file 
at  the  office  of  District  Engineer,  U.  S.  Engineer  Office,  rassena,  N»Y. 

5,  D OCT STIC  PRFFERENCE.  -  Articles  on  the  preference  for  domestic  articles 
will  be  made  a  part  of  the  contract.   (See  pn,racraph  1-35  of  the  specifications). 

6.  ARTICLES  ON  PATEMTS  will  be  made  a  part  of  the  contract.  (See  paragragh 
1-30  of  the  specifications.) 

7*  COlJlt.TNCELTNT  AND  COf.'T^LETION. -  The  work  shall  be  commenced  within  10 
calendar  days  after  date  of  receipt  of  notice  to  proceed  and  shall  be  com- 
pleted   ,.  in  accordance  with  the  provisions  of  paragraph  l-06  of  the 

specifications. 

8.  EnrrjsiON  of  time  fop  coi^pletion  of  construction  fop  delays  due  to 

NATIONAL  DEFErJSE  PRIORITIES  will  be  nade.   (See  paragraph  1-06  (c)  of  the 
specifications. ) 

9.  LIQUIDATED  DAMAGES  for  delay  will  be  prescribed.   (See  paragraph  1-06 
of  the  specifications.) 

10.  PARTI/X  PAYt/ENTS  will  be  made.   (See  paragraph  1-08  of  the  specifi- 
cations and  Article  16  of  the  contract.) 

11»  ADJUSTT/IENT  OF  CONTRACT  PRICE  by  reason  of  change  in  Federal,  State, 
and  local  taxes  will  be  made.   (See  paragraph  1-42  of  the  specifications.) 

12.  ADJUSTMENT  OF  PRICES  FOR  LABOR  AND  M^^TERIALS.  Adjustment  of  prices 
in  accordance  with  basic  increase  or  decrease  of  costs  of  labor  and  material 
will  be  made  as  provided  in  paragraph  1-46  of  the  specifications. 

13.  ESTHIATES  OF  COST.  -  Bidders  are  informed  that  the  Government  will 
prepare  estimates  of  the  cost  of  construction  of  the  work  required  by  the  spec- 
ifications for  comparison  of  bids.. 

14*  REPORTS  TO  THE  DEPARTMENT  OF  LABOR.  -  In  order  to  assist  the  Depart- 
ment of  Labor  in  obtaining  employment  statistics,  bidders,  unless  otherwise 
indicated  in  their  bids,  will  be  considered  as  having  voluntarily  consented, 
without  cost  to  the  Government,  to  the  inclixsion  of  paragraph  1-39  of  the 
specifications  as  a  part  of  the  contract. 

15^  BID  AND  CONTRACT. 

(a)  Bids  must  be  submitted  upon  the  standard  Government  form  of 
bid,  and  the  successful  bidder  will  be  required  to  execute  the  standard  Govern- 
ment form  of  contract  for  construction  (u»S»  Standard  Form  No.  23)'  Bidders 
are  advised  that  Article  11  (a)  of  U.S.  Standard  Form  No.  23  has  been  revised 
to  permit  laborers  and  mechanics  to  work  more  than  8  hours  per  day,  provided 
overtime  compensation  at  a  rate  of  not  less  than  1-1/2  times  the  basic  rate  of 
pay  is  paid  for  all  working  time  of  each  laborer  or  meohanlo  in  excess  of  8  hours 
in  any  one  day.   Also  Article  19,  Nonrebate  of  U.S.  Standard  Form  No.  23  ,is 
revised  to  read  as  follows,  and  the  contract  to  be  entered  into  as  a  resiilt  of 
this  invitation  will  be  altered  accordingly, 


•ARTICI-S  19.  Nonrebate.   (a)  The  contractor  shall  furnish  to  the 
Government  representative  in  charge  at  the  site  of  the  work  covered  by  this 
contract,  or  if  no  Governr-ient  representative  is  in  charye  at  the  site,  shall 
mail  to  the  Federal  agency  contracting  for  the  work,  within  7  days  after  the 
regular  payment  date  of  each  and  every  weekly  payroll,  an  affidavit  in  the 
form  prescribed  by  regulations  issued  by  the  Secretsiry  of  Labor  and  published 
in  the  Federal  Register  of  I.'&rch  1,  19Alt  6  F.  R.  1211,  or  any  modification 
thereof  pursuant  to  the  act  of  June  I3,  1934,  i|8  ,<5tat.  943  (IT.  S.  Code  title 
40,  sections  276b  and  276c),  sworn  to  by  the  contractor  or  the  subcontractor 
concerned  or  by  the  authorized  officer  or  employee  of  the  contractor  or  sub- 
contractor supervising  such  payment,  to  the  effect  that  each  and  every  person 
employed  on  the  work  has  been  paid  in  full  the  weekly  wages  shown  on  the  pay 
roll  covered  by  the  affidavit,  that  no  rebates  have  been  or  will  hp   made  either 
directly  or  indirectly  to  or  on  behalf  of  the  contractor  or  such  subcontractor 
from  the  full  weekly  wages  earned  as  set  out  on  such  payroll;  and  that  no 
deductions,  other  than  permissible  deductions  as  defined  in  the  said  regulations 
pursuant  to  said  act  of  June  I3,  1934.  and  as  described  in  said  affidavit, 
have  been  or  will  be  made,  either  directly  or  indirectly,  from  the  full  weekly 
wages  earned  as  sot  out  on  such  pay  roll. 

•(b)  The  contractor  shall  oonxply  with  all  applicable  requirements  of 
the  said  regulations  of  the  Secretary  of  labor  under  the  act  of  June  13»  1934. 
and  the  requirements  of  this  article  of  the  contract  shall  be  subject  to  all 
applicable  provisions  of  such  regulations* 

"(c)  The  contractor  shall  cause  appropriate  provisions  to  be  inserted 
in  all  subcontracts  relating  to  this  work  to  insure  fulfillment  of  the  require- 
ments of  this  article." 

(b)  The  bid  form  has  an  entry  for  each  item  on  which  estimates  will 
be  given  or  payments  made,  and  no  other  allowance  of  any  kind  will  be  made  un- 
less specifically  provided  for  in  the  specification??  or  the  contract,  or  ad- 
justments under  Article  3  o^  the  contract. 

(c)  All  bids  must  be  for  the  entire  work  and  must  have  each  blank 
filled. 

(d)  The  quantities  of  each  item  of  the  bid  as  finally  ascertained  at 
the  close  of  the  contiact,  in  the  units  given,  and  the  unit  price  of  the  sev- 
eral items  stated  by  the  bidder  in  the  accepted  bid,  will  determ.ine  the  total 
payments  to  accrue  under  the  contract.   The  unit  price  bid  for  each  item  must 
allow  for  all  collateral  or  iiidirect  cost  connected  with  it. 

16.   DATA  TO  ^E  SinTILTTiJS  JTrTi  ~ISS. 

(a)   All  bids  submitted  must  be  accon^^aiiied  by  a  stater.ent  estatlish- 
in^  that  the  bidder  maintains  a  permanent  place  of  business  aud  has  a  suitable 
financial  status  to  meet  obligations  incident  to  the  work.   (Se^  parar'raph  3 
of  the  birdinr  schedule.)   In  addition,  each  bidder  shall  submit  with  his  bid 
the  statement  of  pla''it,  -Ivawings,  charts,  and  other  information  and  data  re- 
quired belov/.  These  data  shall  be  carefully  prepared  and  presented  in  neat  and 
legible  form  on  tracin<i  paper  or  tracing  cloth  so  that  reproduction  may  be  made 
therefrom.  These  data  are  considered  essential  in  enabling  the  contracting 
officer  to  determine  whether  the  bidder  is  responsible  and  experienced  in  similar 
types  of  construction  and  v/hether  the  bid  is  based  on  a  careful  study  of  con- 
struction methods  applicable  to  the  work  and  full  realization  of  the  various 
factors  -.;hich  may  affect  the  pro  'ress  of  the  work.   Award  of  this  contract  shall 
not  be  construed  as  a  guarantee  by  the  Gov^-rn-anL  that  the  materials  or  supplies 
listed  in  the  bidding  schedule  are  approved. 


(b)  Each  bidder  shall  state  in  the  space  provided  in  the  bidding 
schedule  a  brief  description  of  the  character  of  the  work  previously  executed 
by  him  and  the  locctions  of  the  major  projects.   After  the  bids  are  opened, 
any  bidder  may  be  required  by  the  contracting  officer  to  state  whether  he  is 
now  or  ever  has  been  engaged  on  any  construction  work  similar  to  that  proposed, 
the  year  in  which  it  was  done,  and  the  manner  of  its  execution,  and  to  give  such 
other  informc^tion  as  v'ill  tend  to  show  his  ability  to  prosecute  vigorously 

the  work  required  by  these  specifications.   (See  paragraph  2   of  the  bidding 
schedule.) 

(c)  Drawings  shall  be  submitted  indicating  the  plant  layout  the 
bidder  proposes  to  utilize  on  the  work.   The  drawings  shall  clearly  indicate 
the  location  and  manner  of  employment  of  the  various  major  items  of  the  plant. 
T^ey  shall  include  the  location,  construction,  and  height  of  each  cofferdam, 
the  r-rrangement  of  the  plant  for  the  hajidling  of  materials,  and  the  manner  in 
wAich  excavation  and  disposal  of  the  excavated  materials  will  be  made.  They 
shall  also  include  the  location  of  all  material  yards  and  the  transportation 
facilities,  as  veil  as  the  location  of  the  mixing  plant  and  the  manner  in  which 
concrete  will  be  placed  and  metalwork  erected.  The  plr.nt  lay-out  shall  be 
a(icompanied  by  a  complete  list  and  description  inserted  in  the  space  provided 
therefor  in  the  bid  form,  of  all  plant  that  the  bidder  now  has  or  will  have 
available  for  commencing  and  prosecuting  this  work,  and  its  location  at  the 
time  of  opening  bids,  in  order  that  it  may  be  inspected  by  the  contracting 
officer  should  he  so  desire.   The  above  information  will  be  considered  con- 
fidential, when  a  bidder  does  not  own  or  possess  plent  eind  proposes  to  pro- 
cure it,  firm  options  on  all  major  items  of  proposed  plant  must  be  submitted 
when  the  bids  are  opened, 

(d)  A  chart  or  charts  shall  be  s  ibmitted  indicating  the  volume  of 
work  to  be  done  and  the  rate  of  progress  which  the  bidder  agrees  to  maintain 
(see  paragraph  1-20  of  the  specifications)   for  each  of  the  following  major 
operations  required  in  the  performance  of  the  work  under  these  specifications: 


(1 
(2 
(3 
(4 
(5 
(6 
(•7 

(e 


Cofferdams. 

Diversion  Gates. 

Closure  of  spillway. 

Excavation  and  Foundation  Preparation. 

Concrete  Masonry, 

Embankment. 

Gantry  Cranes  and  Hoists 

Spillway  Gates, 

Charts  shall  be  in  the  form  of  plotted  curves  in  which  the  abscissae  shall  re- 
present definite  intervals  of  time  measured  from  date  of  receipt  of  notice  to 
proceed  with  the  work,  and  the  ordinates  shall  represent  percentages  of  com- 
pletion based  on  the  estimated  contract  quantities.   In  preparing  the  charts, 
due  allowance  shall  be  made  for  probable  delays  caused  by  any  unsatisfactory 
working  conditionE:.   Careful  consideration  shall  be  given  to  the  preparation  of 
these  charts,  as  the  rate  of  progress  proposed  by  the  accepted  bid  will  be 
made  a  part  of  the  contract*   (See  paragraph  1-20  of  the  specifications.) 

17,   AWARD  OF  CONTRACT. 

(a)   Subject  to  the  rights  hereinafter  reserved,  work  will  be  av/arded 
as  a  whole  to  the  lowest  responsible  bidder  whose  proposal  fully  conforms  to 
the  requirements  of  the  specifications  and  as  may  be  deemed  most  advantageous 
to  the  United  states, 

-IK 


(b)  A  bid  may  be  rejected  if  the  bidder  fails  to  furnish  bid  bond 
or  to  submit  the  data  required  with  his  bid  or  cannot  show  that  he  has  the 
necessary  capital  and  experience  and  owns,  controls,  or  can  procure  the 
necessary  plant  to  commence  the  wor'c  at  the  time  prescribed  in  the  specif ic^=t ions 
and  thereafter  to  prosecute  r«d  complete  the  \7ork  at  the  rate  or  time  specified; 
and  that  he  is  not  already  obligated  for  the  perforr-^ance  of  other  work  v/hich 

would  delay  the  coriirnencemcnt,  prosecution,  or  completion  of  the  work  contem- 
plated in  this  advertisement. 

(c)  Any  unbalanced  bid  which,  in  the  opinion  of  the  contracting 
officer,  jeopardizes  the  interest  of  the  United  States  will  be  subject  to  re- 
jection for  that  reason. 

(d)  The  right  is  reserved,  as  the  inttr-est  of  the  Government  may 
require,  to  reject  any  and  all  bids  and  to  w-'?ivt  any  informality  in  bids  re- 
ceived. 

18.  GUARALTY.  -  Guaranty  will  be  required  with  each  bid  ?,s  follows;   pid 
Bond,  Standard  Form  No.  24,  will  be  executed  in  a  penal  sum  not  less  than  10 
percent  of  the  total  amount  of  the 'bid,  but  not  exceeding  :f2,500,000.   In- 
dividual sureties  will  justify  in  s^jms  ag£;rcg;:ting  not  less  than  double  the 
penalty  of  the  bid  bond.   (See  paragraphs  8  and  9  of  the  Instructions  to  Bidders). 

19.  PERFORt.'ANCr:  AND  PAYTTNT  BONDS  will  be  required  as  follows: 

(a)  A  performance  bond  with  good  and  sufficient  surety  or  sureties, 
for  the  protection  of  the  United  States,  Standard  Form  No.  25,  will  be  executed 

in  a  pen-1  sum  not  less  than  ten  percent  (10)  of  the  full  amount  of  the  considera- 
tion of  the  contract,  but  not  exceeding  f2, 500, 000, 

(b)  If  the  consideration  of  the  contract  will  exceed  |2,000  in  amount, 
a  payment  bond  with  good  and  .-vufficient  surety  or  sureties,  for  the  protection 

of  persons  furnishing  meter  ial  arid  labor  for  the  ^vork,  Stand.^rd  Form  No.  25-A, 
will  be  executed  in  a   penal  sum  of  one-half  of  the  full  amount  of  the  con- 
sideration of  the  contrp.ct  v/hen  the  latter  is  not  more  th':in  one  million  dollars 
($1,000,000);:  forty  percent  (40%)   where  the  contract  exceeds  one  million 
doll2rs( (1,000, 000)  but  is  not  more  than  five  million  dollars  (*5, 000,000) ; 
and  two  million  five  hundred  thousand  dollars  (?2, 500, 000)  for  all  contracts 
above  five  million  dollars  (^-5,000.000). 

20.  PROVISIONr  OF  TI^-'  ASSIG^J"r^]T  OF  CLAIt'^  ;'C^  of  October  9,  1940,  (Public 
No.  811-76th  Congress)   v/ill  be  made  a  part  of  the  contract.   (See  paragraph 
1-45  of  the  specifications.) 

21.  ADDFrSS  FOP.  BIDS.  -  Envelopes  containing  bids  must  be  sealed,  marked, 
and  addressee  as  follo-ps: 

?/ark  in  upper 

left  hand  corner:  Address: 

Bid  for  Construction  of  To;   The  District  Engineer 

Long  Sault  Dan^  U*  S*  Engineer  Office 

t/.assena.  New  York 

Invitation  No. 

TO  be  opened  ut  2:03P.M.  E.S.T-, 

Note;   gee  otandard  uovernuiCno  Instructions  to  Bidders  and  copy  of  the 
Standard  Government  Form  of  Contract,  Bid  Bond,  payment  Bond,  and  Perform.ance 
Bond,  which  may  be  obtained  upon  application. 

-E- 


Speoifioatloas:  Long  Sault  Deua 

INDEX  OP  SECTIONS 

Seotloa  No.  Section  Title 

I  General  Provisions 

II  Diversion  and  Care  of  the  River 

III  Dam  and  Dike  Excavation,  Foundation  Preparation,  and  Grouting 

IV  Embankment,  Backfill,  and  Protection  Stone 

V  Concrete 

VI  Bridge  and  Roadway 

VII  Spillway  Gates,  Gantry  Cranes,  Fixed  Hoists,  and  Appurtenances 

VIII  Structural  Steel  and  Tracks 

IX  Metals  and  Miscellaneous  Materials 

X  Ikints  and  Pilnting 

XI  Pier  Houses  and  Guard  Houses 

XII  Government  Field  Office 

XIII  Access  Railroad  and  Highway 

XIV  Miscellaneous  Items  and  Equipment 


Index:  Long  Sault  Dam 

TABLE  OP  CONTENTS 

Par.  No.  Riragraph  Title  Page  No. 

SECTION  I  -  GENERAL  PROVISIONS 

-01  Location  1-1 

-02  Work  to  be  Done  1-1 

-03  Description  1-2 

-04  Maps  and  Drawings  1-2 

-05  Quantities  1-4 

-06  Conun  en  cement,  Prosecution  and  Completion  1-6 

-07  Sundays,  Holidays  and  Nights  1-7 

-08  Payments  1-7 

-09  Work  Covered  by  Contract  Price  1-7 

-10  Materials  Furnished  by  the  United  States  1-8 

-11  Electrical  Energy  During  the  Construction  Period  1-10 

-12  Order  of  Work  1-11 

-13  Right-of-Way  1-11 

-14  Roads  and  Grounds  1-12 

-15  Camp  Construction  and  Supervision  1-12 

-16  Borrow  Pits  I-I3 

-17  Datum  and  Reference  Bench  Marks  1"13 

-18  Physical  Data  I-I3 

-19  Transportation  Facilities  1-15 

-20  Organization,  Plant  and  Progress  I-I6 

-21  Liability  and  Safety  Requirements  I-I6 

-22  Lights  1-17 

-23  Use  of  Explosives  1-17 

-24  Property  Damage  1-17 

-25  Inspection  1-18 

-26  Lines,  Grades  and  Measurements  1-19 

-27  Changes  and  Changed  Conditions  1-19 

-28  Minor  Modifications  ] -19 

-29  Claims,  Protests  and  Appeals  1-19 

-30  Patents  1-20 

-31  Standard  Tests,  Quality  and  Guarantees  1-20 

-32  Protection  of  Stored  Materials  1-21 

-33  Misplaced  Material  1-21 

-34  Standard  Stock  Products  1-21 

'35  Preference  for  Domestic  Articles  1-22 

-36  Interference  with  other  Contractors  1-22 

-37  Restoration  of  Site  1-22 

-38  Wage  and  Labor  Provisions  1-22 

"39  Reports  to  Department  of  Labor  1-25 

-40  Invoices  1-25 

-41  Cost  Data  1-25 

-42  Adjustment  of  Contract  Price  by  Reason  of  Change  in  1-25 

Federal,  State  or  Local  Taxes 

-43  Subcontractors  1-26 

-44  Site  of  Work  1-26 


ftir.   No» 


Paragraph  Title 


Page  No. 


l-'45  Assignment  of  Claims 

1-46  Adjustment  of  Prices  for  Labor  eind  Materials 

1-47  Pinal  Exajnination  and  Acceptance 

1-48  Approval 

SECTION  II  -  DIVERSION  &  CARE  OP  THE  RIVHl 


1-26 
1-26 
1-28 
1-28 


2-01 
2-02 
2-03 
2-0/j 
2-05 
2-06 
2-07 
2-08 

2-09 
2-10 
2-11 
2-12 
2-13 
2-14 
2-15 


3-01 
3-02 
3-03 
3-04 
3-05 
3-06 
3-07 
3-08 
3-09 
3-10 
3-11 
3-12 

3-13 
3-14 
3-15 


4-01 
4-02 
4-03 
4-04 
4-05 
4-06 


1 


Work  to  be  Done 

General 

Responsibility  for  Cofferdams 

Alternate  Cofferdam  and/or  Diversion  Pleins 

River  Regulation 

Construction  Program  and  Diversion  Plan 

Alternate  Closure  Plan 

Diversion  Excavation  Program 

Cofferdam  Program 

Cofferdam  Construotion 

Uassena  Weir 

Unwatering  Cofferdams 

Removal  of  Cofferdams 

Diversion  Regulation  and  Gates 

Measurement  and  Payment 

SECTION  III  -  DAM  AND  DIKE  EXCAVATION,  POUNDATION 
PREPARATION,  AND  GROUTING 

Clearing  and  Grubbing 

Excavation  requirements 

Character  of  Materials  to  be  Excavated 

Excavation  in  Borrow  Pits  and  Stock  Piles 

Classifioation  of  Foundation  Excavation 

Removal  and  Disposal  of  Foundation  Excavation 

Measurement  and  ftiyment  for  Excavation 

Foundation  Preparation  -  Rook 

Line  Drilling 

Blasting  for  Excavation 

Drilling  Exploratory  and  Grout  Holes 

Exploratory  Core  Holes 

Pressure  Grouting  Foundation 

Foundation  Drains 

Drilling  6-Inoh  Concrete  Cores 

SECTION  IV  -  EMBANKMENTS,  BACKFILL,  AND  PROTECTION 
STONE 

Definition 

General  Provisions 

Preparation  of  Foundation  for  Embankment 

Compacted  Earth  Fill 

Filter 

Sand  and  Gravel  Backing 

Riprap 

Seeding  and  Seeded  Top  Soil 


2-1 
2-1 
2-1 
2-2 

2-3 
2-3 

2-5 

2-5 

2-6 

2-7 

2-9 

2-9 

2-10 

2-10 

2-12 


3-1 

3-1 
3-2 

3-2 

3-3 

3-3 

3-4 

3-5 

3-5 

3-6 

3-6 

3-6 

3-7 

3-10 

3-11 


4-1 
4-1 

4-2 
4-2 
4-5 

S-7 


P^r.   No.                   Paragraph  Title  Page  No. 
SECTION  V  -  CONCRETE 

5-01  Composition  5-1 

5-02  Classification  5-1 

5-03  Strength  5-1 

5-04  High-Early-Strength  Concrete  5-1 

5-05  Cement  and  Aggregates  5-1 

5-06  Water  5-1 

5-07  Storage  5-2 

5-08  Proportioning  5-2 

5-09  Mixing  and  Placing  5-3 

5-10  Test  Specimens  5-9 

5-11  Finishing  5-9 

5-12  Curing  5-10 

5-13  Forms  5-10 

5-14  Placing  Steel  Reinforcement  5-13 

5-15  Embedded  Items  5-14 

5-l6  Expansion  and  Contraction  Joints  5-14 

5-17  Sawdust  Concrete  5-l6 

5-18  Precast  Porous  Concrete  Drains  5-l6 

5-19  Measurement  and  Payment  5-l6 

SECTION  VI  -  BRIDGE  AND  ROADWAY 

6-01  General  6-1 

6-02  Steel  Girder  Spans  and  Service  Bridge                     6-1 

6-03  Concrete  6-1 

6-04  Concrete  Finishing  6-1 

6-05  Miscellaneous  6-2 

6-06  Payment  6-2 

SECTION  VII  -  SPILLWAY  GATES,  GANmY  CRANES, 
FIXED  HOISTS,  AND  APPURTENANCES 

7-01  Requirements  7-1 

7-02  General  Description  7-1 

7-03  Drawings  7-3 

7-04  Unloading  and  Handling  7-3 

7-05  Einhedded  Parts  7-3 

7-06  Gate  Track  and  Guide  Rails  7-3 

7-07  Sills  7-3 

7-08  Dogs  and  Operating  Devices  7-4 

7-09  Gates  7-4 

7-10  Cranes,  Hoists,  Lifting  Beams  and  Collector  Bars  7-5 

7-11  Testing  7-5 

7-12  Measurement  and  Payment  7-6 


fart  N?' 


8-01 
8-02 
8-03 
8-04 
8-05 
8-06 


paragraph  Title 
SECTION  VIII   -  STRUCTURAL  STEEL  AND  mACKS 


Page  No. 


Requirements  8-1 

General  Description  8-1 

Drawings  8-2 

Unloading  and  Handling  8-2 

Erection  8-2 

Measurement  and  Payment  8-3 

SECTION   IX  -  METALS  AND  MISCELLANEOUS  MATERIALS 


9-01  General 

9-02  Federal  Specifications 

9-03  Cast  Iron  Safety  Tread 

9-04  Structural  Steel 

9-05  Concrete  Reinforcing  Steel 

9-06  Sheet  Metal 

9-07  Bolt  Steel 

9-08  Steel  Floor  Grating  and  Fasteners 

9-09  iron  Castings 

9-10  Bronze  Casting 

9-11  Copper 

9-12  Brass 

9-13  Solder 

9-14  Babbitt  Metal 

9-15  Rubber  Filler  for  Concrete  Expansion  Joints 

9-16  Lime 

9-17  Putty 

9-18  Plastic  Cork 

9-19  Preformed  Joint  Filler 

9-20  Special  Bituminous  Cement 

9-21  Steel  Pipe  and  Fittings 

9-22  Wrought  Iron  Pipe  and  Fittings 

9-23  Cast  Iron  Pipe  and  Fittings 

9-24  Embedded  Hanger  Supports 

9-25  Standard  Bolts,  Screws,  and  Pins 

9-26  Look  Washers 

9-27  Steel  Wire  Rope 

9-28  Chains  and  Attachments 

9-29  Floor  Plating 

9-30  Builders'  Hardware 

9-31  Pressure  Lubricants 

9-32  Asphalt-Saturated  Felt 

9-33  Pitch 

9-34  Conduit 

9-35  Bituminous  Macadam  Road  Surfacing 

9-36  Glass  Brick 

9-37  Timber  and  Lumber 

9-38  Metallic  Coatings 

9-39  Measurement 


9-1 
9-1 
9-1 
9-2 
9-2 
9-2 
9-2 
9-2 
9-2 
9-2 
9-2 

9-3 
9-3 
9-3 
9-3 
9-3 
9-3 
9-3 
9-4 
9-4 
9-4 
9-5 
9-5 
9-5 
9-5 
9-5 
9-5 
9-5 
9-6 
9-6 
9-6 
9-6 
9-6 
9-6 
9-6 
9-6 
9-6 
9-7 
9-7 


Par.   No.  Paragraph  Title  Pago  No. 

SECTION  X  -   PAINTS  AND  PAINTING 

10-01  General  10-1 

10-02  Surfaoe   Cleaning  and  Preparation  10-1 

10-03  Paint  Application  10-2 

10-04  Priming  Coats  10-3 

10-05  Finish  Coats  10-3 

10-06  Paints   and   Paint  Formulae  10-4 

10-07  Chemical  Rust   Inhibitor  10-5 

10-08  Phenolic     Resin  Varnish  Vehicle  10-6 

10-09  Pigments  10-6 

10-10  Thinners   and  Solvents  10-7 

10-11  Miscellaneous  Materials  10-7 

10-12  Inspection  10-8 

10-13  Pfcilnt  for  Maintenance  10-8 

10-14  Pfeilnt  Schedule  10-8 

10-15  Payment  10-10 


SECTION  XI   -  PIER   HOUSES  AND  GUARD  HOUSES 


11-01 

General 

11-02 

Walls 

11-03 

Roofs 

11-04 

Floors 

11-05 

Balcony 

11-06 

Doors  and  Frames 

11-07 

Windows 

11-08 

Glazing 

11-09 

Screens 

11-10 

Glass  Briolc 

11-11 

Structural  Steel   and  Miscellaneous    Iron 

11-12 

Ventilators,    Scuttles  and  Flagpoles 

11-13 

fainting 

11-14 

Payment 

SECTION  XII   -  GOVERNMENT  FIELD  OFFICE 


12-01 

General 

12-02 

Federal   Specifications 

12-03 

Excavation,    Filling  and   Grading 

12-04 

Foundation 

12-05 

Concrete  Floors 

12-06 

Framing 

12-07 

Floors 

12-08 

Siding 

12-09 

Roofing 

12-10 

Walls   and  Ceilings 

12-11 

Exterior  Trim 

12-12 

Interior  Wood  Finish 

12-13 

Windows   find  Frames 

12-14 

Doors   and  Frames 

12-15 

Screens 

12-16 

Louvres 

11-1 
11-1 
11-1 

11-2 
11-2 
11-2 
11-2 

11-3 
11-3 
11-3 
11-3 
11-4 
11-4 
11-4 


12-1 
12-1 
12-2 
12-2 
12-2 
12-2 
12-2 
12-3 
12-3 
12-3 
12-4 
12-4 
12-4 
12-4 

12-3 


I^r.   No.  Paragraph  Title  PBige  No. 

12-17  Venetian  Blinds  12-5 

12-18  Hardware  12-5 

12-19  Painting  12-6 

12-20  Plumbing  12-6 

12-21  Electrical  Wiring  12-7 

12-22  Heating  12-8 

12-23  Plre  Protection  12-8 

12-24  Flagpole  12-8 

12-25  Removal    of  Building  12-8 

12-26  Payment  12-8 

SECTION  XIII  -  ACCESS  RAILRQ&D  AND  HIGHWAY 

13-01  General  I3-I 

13-02  Formation  of  Roadbeds  I3-2 

13-03  Clearing  and   Grubbing  13-2 

13-04  Excavation  and  Embankment  13 ~3 

13-05  Excavation  Below  Grade  I3-3 

13-06  Disposal  of  Excavated  iiaterlals  I3-3 

13-07  Spoil  Areas  13-3 

13-08  Borrow  Areas  13-4 

13-09  Ditches  13-4 

13-10  Railroad  and  Highway  Fills  13-4 

13-11  Gravel  Pill  Base  13-5 

13-12  Finishing  Roadway     and  Slopes  13-5 

13-13  Measurement  13-5 

13-14  ftiyments  13-5 

13-15  Culverts  13-5 

13-16  R.yment   for  Culverts  I3-6 

13-17  Ballast  for  Railroad  I3-6 

13-18  Ties  13-6 

13-19  Track  I3-6 

13-20  Signs  and  Markers  I3-7 

13-21  Bituminous  Macadam  Road  Surfacing  I3-8 

13-22  Highway  Guard  Rail  ,  I3-8 

13-23  Seeding  I3-8 

SECTION  XIV   -  MISCELLANEOUS   ITEMS  AND  EQUIPMENT 

14-01  Pipe  Handraillng  I4-I 

14-02  Doors  14-1 

14-03  Safety  Treads  14-1 

14-04  Bubbler  Pipes  14-1 

14-05  Electrical  Conduit  System  14-2 

14-06  Electrical   Grounding  System  14-2 

14-07  Floor   Grating  14-3 

14-08  Hatch  Covers  I4-3 

14-09  Gallery  Gutter   Drains  I4-3 

14-10  Gallery  and  Pump  Sump  Drains  14-3 

14-11  Bronze  Stage   Gauges  14-4 

14-12  Air  Vent  Grills  and  Sump  Pump  Supports  14-4 

14-13  Balcony  Railing  U-4 

14-14  Guard  Chains  &  Miscellaneous  Bolts  &  Porglngs  14-4 


Rir.   No.  Paragraph  Title  Page  No. 

14-15  Brazing,   Field  Riveting,   and  Field  Welding  14-5 

14-16  Plumbing  14-5 

14-17  Deok  Drains  14-6 

14-18  Parking  Areas  14-6 

14-19  Flagstone  Steps  14-6 

14-20  Stone  Wall  14-6 


WAR  DKPAI?n,Ih2^]T 
U«  S«  Engineei-  Office 
St,  Lawrence  River  District 

Massena,  N.  Y. 

Specifications:  Long  Saul t  Dam 

Appropriation: 

SECTION  I  -  GEITiiML  PROVISIONS 

1-01.  LOCATION.  -  The  site  of  the  v;ork  is  located  in  the  Inter- 
national Rapids  Section  of  the  St.  Lawrence  River,  about  4  niiles  nor.th 
of  the  village  of  Massena,  Nev;  York,  and  6.5  miles  rest  of  Cornwall, 
Ontario.  The  site  may  be  reached  by  Federal  and  State  Highways  on  the 
United  States  side  of  the  St.  Lawrence  River  and  by  Kighvay  Ho.  2  on 
the  Canadian  side,  (For  transportation  facilities,  see  paragraph  I-I9). 

1-02.  WORK  TO  BE  DONE. 

(a)     The  work  provided  herein  is  autlorized  by 


Act,  approved ^194  » 

(b)  The  woric  to  be  done  under  this  contract  and  in  accord- 
ance with  these  specifications  consists  of  furnishing  all  plant,  super- 
intendence, labor  and  materials,  except  as  noted  in  paragraph  1-10,  and 
perfortrdng  all  wox-k  required  for  the  construction  of  the  Long  Sault 
Dam,  except  for  specifically  excepted  items,  v/ith  appurtenant  works, 
complete  in  accordance  with  the  drawings  and  these  specifications.  The 
main  features  of  the  work  are  as  follows: 

(1)  Excavation  for  and  construction  of  cofferdams  for 
the  concrete  dam  sections,  including  maintenance,  un'.vabering  and  re- 
moval, excavation  of  cuts  required  for  diversion  purposes,  and  operations, 
and  removal  of  diversion  gates.  (See  Section  II). 

(2)  Excavation  for  foundations  of  concrete  structures 
including  foundation  preparation  and  grouting,  excavation  of  core 
trench  and  stripping  foundation  for  earth  fill.  (See  Section  III). 

(3)  Construction  of  rolled  earth  fill  wing  dams  and 
dikes  complete,  including  stripping  foundation,  placing  and  compact- 
ing embantonent,  placing  protective  riprap,  and  seeding,  (See  Section  IV). 

(4)  Construction  of  the  concrete  dam,  including  placing 
concrete,  reinforcement,  and  embedded  parts  for  the  spillway,  bulkheads, 
spillv;ay  apron  training  walls  and  appurtenant  works. 

(5)  Erection  and  installation  of  forty  fixed  wheel, 
vertical  lift  gates,  including  lifting  and  latching  mechanisms  for  the 
spillway  crest,  plus  two  emergency  gates  and  miscellaneous  mechanical 
gate  equipment,  (See  Section  VIl), 

(6)  Erection  and  installation  of  two  gantry  cranes  and 
eighteen  fixed  hoists  under  the  supervision  of  on  erection  enr^ineer  fur- 
nished and  paid  for  by  the  crane  and  hoist  manufactuFer.   (See  Section  VII), 

(7)  Construction  of  two  pier  houses  ana  loar  guard 
houses  complete.  (See  Section  XI). 

(3)  Temporary  and  permanent  access  railroads  a:id  high- 
ways, as  shown  on  the  contract  drawings,  (See  Section  XIIl). 

(9)  Miscellaneous  items  including  embedded  electrical 
conduit  system,  operating,  maintenance  and  repair  bays.  Government 
field  office,  and  other  work  as  specified  or  shown  on  the  drawings,  and 
such  incidental  work  as  may  be  needed  or  ordered  in  writing  by  the  con- 


tracting  officer, 

1-03.  DESCRIPTION. 

Long  Sault  Dam  will  be  a  concrete  gravity  structure 
having  a  maximum  height  of  approximately  145  feet  above  foundation.  It 
vrLll  have  an  overflow  spillv.'ay  flanked  by  concrete  gravity  bulkhead 
sections  and  earth  wing  dams  and  an  earth  dike,  and  will  be  provided 
v/ith  vertical  lift  gates  on  the  spillway  crest,  a  spillway  apron  and  the 
necessary  training  and  spray  walls.  The  crest  lenth  of  the  spillway 
will  be  2,390  ft.  in-:luding  thirty-nine  nominal  10-foot  bridge  piers» 
The  spillway  crest  will  be  at  Elevation  221.  The  concrete  bulkhead 
section  on  each  end  of  the  spillway  will  be  approximately  260  ft.  in 
length.  Forty  5O'  x  25'  vertical  lift  gates  will  be  installed  on  the 
crest  of  the  overflow  section  of  the  concrete  spillway.  Eighteen  of 
the  gates  will  be  operated  by  fixed  hoists  and  the  remainder  by  two 
traveling  gantry  cranes.  The  spillway  apron  will  be  a  curved  or  bucket 
type  concrete  structure.  The  wing  dams  and  dike  will  be  of  rolled 
earth  protected  on  both  sides  with  riprap,  as  shown  on  the  drawings, 

1-04,  tIAPS  AND  DRAWEES. 

(a)  The  work  shall  conform  to  maps  and  drawings  marked 
"St,  Lawrence  River  Project,  Long  Sault  Dam,"  titled  and  file  marked 
as  listed  below,  which  form  a  part  of  these  specifications  and  which 
are  filed  in  the  U,  S.  Engineer  Office,  St.  Lawrence  River  District, 
Massena,  Nev;  York, 

LIST  OF  DRAWINGS 

LONG     SAULT     DAM 
Sheet  No,  Title  File  No* 

GET^^ERAL 

1  Index  Sheet  BD-l-O/1 

2  Genersil  Site  Map  1/1 

3  General  Plan  and  Elevations  1/2 

4  Mean  r.Ionthly  Discharges  -St.  Lawrence 

River  1860-1941  1/3 

5  Winter  Tailrace  Elevation  -  Sheek  Island 

Powerhouse  1/4 

6  Plan  of  Soils  &  Foundations  Exploration  1/5 

7  Record  of  Foundation  Exploration  No.  1  1/6 

8  Record  of  Foundation  Exploration, No,  2  1/7 

9  Record  of  Foundation  Exploration  No,  3  1/^ 

Sheet  No  .  Title  File  No. 

COFFERDAM 

10  Cofferdams  -  General  Layout  FD-1-5/1 

11  First  Step  Cofferdams  -  Plan  and  Sections  ^/2 

12  Second  Step  Cofferdams  -  Plan  and  Sections  5/3 

13  Second  Step  Cofferdams  -  Plan  and  Sections  D/h 

14  Cofferdams  -  Details  -^/•^ 

15  Cofferdam  Excavations  -  Plans  and  Sections  3/° 

16  Massena  Weir  -  plan  and  Sections  -5/' 

1-2 


Sheet  No.              Title  File  Nn. 

EXCAVATION 

17  Excavation  Plan  and  Sections  BD-1-10/1 

18  General  Construction  Scheme  -  Monolith 

Joints  and  Stages  BD-1-15/1 

19  Spillway  Sections  15/2 

20  Galleries  I5/3 

21  Pier  Houses  15/4 

22  South  Bulkhead  -  Plan  and  Sections  15/5 

23  North  Bulkhead  -  Plans  and  Sections  15/6 

24  Guard  Houses  and  Parapet  Rails  15/7 

EvIB.Uia.IENT 

25  Abutment  and  Wing  Dams  BD-1-20/1 

26  Wing  Dams  and  Dike         '  20/2 

SPILLMY  BRIDGE 

27  Spillway  Bridge  Details  BD-1-25/1 

DIVERSION  GATES 

28  Diversion  Gates  and  Operation  BD-1-30/1 

VERTICAL  LIFT  GATES 

29  Spillway  Gates  -  Assembly  BD-1-40/1 

30  Spillway  Gates  -  Lifting  and  Coupling 

Arrangement  40/2 

31  Spillway  Gstes  -  Towers,  Guides  and  Sills  40/3 

32  Spillway  Gates  -  Fixed  Hoists  40/4 
23  Spill v.'ay  Gates  -  Lifting  Beaias  40/5 
34      Spillway  Gantry  Cranes                      •  40/6 

TKIPORARY  CONSTRUCTION 

33  Field  Office  -  plans,  Elevations  and  BD-I-I60/I 

Details 

36       Field  Office  -  Utilities  l6o/2 


ELECTRICAL 

37  Electrical  System  -  General  Distribution 

Diagram  BD-I-I80/I 

38  Electrical  System  -  North  Bulkhead  180/2 

ROADS  AND  RAILROADS 

39  Typical  Highway  and  Railroad  Sections  BD-1 -185/1 

(b)  These  dravangs  show  the  work  v;ith  as  rauch  detail  as  is 
possible  in  the  present  stage  of  development  of  the  design.  The  work 
shall  conform  also  to  such  other  drawings  and  addenda  relating  thereto 
as  may  be  published  and/or  exhibited  in  the  office  of  the  contracting 
officer  prior  to  the  opening  of  proposals,  and  to  such  drawings  in 
expleination  of  details  as  may  be  required  from  time  to  time  during 
construction,  including  such  modifications  as  the  contracting  officer 
may  consider  necessary  on  account  of  conditions  that  are  found  to  exist 
during  the  prosecution  of  the  woilc.  Detail  bar  lists  and  bending 
schedules  for  steel  reinforcement  will  be  furnished  by  the  United  States  . 


(c)  Prior  to  the  execution  of  the  work  the  contractor  shall 
check  all  drawings  and  shall  immediately  import  to  the  contracting 
officer  any  errors  or  emissions  discovered  therein.   Errors  and/or 
omissions  in  drawings  will  not  relieve  the  contractor  of  his  respon- 
sibility for  the  correct  fitting  together  and  exact  position  of  all  parts 
of  the  work  in  accordance  with  the  specifications.  Farts  ?,nd 

details  not  fully  indicated  on  the  drawings  shall  be  detailed  by  the 
contractor  in  accordance  with  the  bast  practice,  or  as  directed  by 
the  contracting  officer. 

(d)  The  contractor  shll  submit  fabricator's  shop  drawings 

of  all  structural  steel  and  other  metal  work  for  approval.  He  shall  also 
submit  such  shop  drawings  and  material  lists  of  all  mechanical  and 
electrical  equipment  as  may  be  required  by  the  contracting  officer". 
No  material  shall  be  furnished  or  work  dons  thereon  prior  to  approval 
of  these  drawings.  The  contractor  shall  submit  three  (3)  prints  of 
each  of  such  detailed  drawings  to  the  contracting  officer  who  will 
return  one  print  with  his  approval  or  notations  of  such  changes  as 
he  finds  necessary.  Each  print  submitted  for  approval  shall  have  in  the 
lo7;er  right-hand  corner  just  above  the  title  a  white  space  3  inches 
by  4  inches  in  size  in  which  the  contracting  officer  will  indicate  the 
action  taken.   After  approval,  the  contractor  shall  furnish  the  contracting 
officer  one  tracing  and  five  prints  of  each  approved  drawings.  Three 
copies  or  sets  of  parts  catalogs,  spare  parts  lists  and  operating  in- 
structions shall  be  furnished  as  specified  above  or  as  requested  by  the 
contracting  officer,  payment  for  the  contractor's  drawings,  including 
revisions  thereof,  parts  catalogs,  spare  parts  lists  and  operating  in- 
structions shall  be  included  in  the  contract  prices  paid  for  material  or 
work.  All  of  these  items  will  form  a  part  of  the  contract  when  approved 
by  the  contracting  officer. 

(e)  Ten  sets  of  prints  of  necessary  contract  drawings 
(one-half  size  reproductions,  or  full  size  if  desire)  and  twenty  sets 
of  specifications  will  be  furnished  the  contractor  without  charge. 
Additional  prints  may  be  secured  upon  request  at  the  cost  of  reproduction. 

*   1-05.   QJJANriTIES.  -  The  following  estimate  of  quantities  of  work  to 
be  performed,  as  also  shown  in  the  "Schedule  of  Bid  Items"  under  these 
specifications,  is  given  only  to  serve  as  a  basis  for  C(anvassing  bids  and 
for  determining  the  approximate  amount  of  the  consideration  of  the  con- 
tract. Unless  the  contract  is  terminated  by  the  failure  of  Congress 
to  appropriate  additional  funds  (see  paragraph  1-08),  the  contractor 
will  be  required  to  complete  the  work  specified  in  paragraph  1-02 
hereof,  be  the  required  quantities  more  or  less  than  the  amounts  shown. 


Item; 
No: 


Designation 


!  Unit 


g.usntity 


1 
2 

3 
4 
5 
6 

7 
8 


Excavation;  Crib  Footing 

Timber  Cribs 

Crib  Sheathing  (Bulkhead) 

Steel  Sheet  Piling 

Crib  Fill 

Earth  Fill;  Cofferdams 

Rock  Fill;   Cofferdams 

Riprap;  Cofferdams 


:Cu.Yd. 

rM.B.M. 

:Sq.Ft. 

rSq.Ft. 

:Cu.Yd. : 

sCu.Yd. 

tCu.Yd. 

xCu.Yd. 


65,900 

5.200 

13,800 

44.200 

118,200 

310,000 

26,500 

15.700 


1-4 


Items 

No. 


Designation 


UAJ-t 


9 
10 
11: 

12! 

13  i 

14  i 
15'. 
16 
17- 

18 
19 

20; 
21 ! 
22: 
23! 
2k' 
2b: 

26 

27- 

28: 
29 

30 
31 

32: 

33 
34 
35 
36 
37 
38 

39 

40 
41 
42 
43 
44 
45 
46 
47 
43 

49 
50 
51 

52 
53 
54 
55 
56 


Derrick  Stone ;  Cofferdams 

Cofferdam  Removal 

Unwatering  Cofferdam 

Excavation;  Diversion  Cats,  Earth 

Excavation;  Diversion  Cuts,  Rock 

Fill;  Llassena  ?/eir,  Rock 

Excavation;  Llassena  Weir 

Stop  Logs;  Concrete 

Diversion  Gates;  Operation  and 

Maintenance 
Excavation;  Ccimon 
Excavation;  Rock 
Excavation;  Borrow 
Line  Drilling 

Drilling  3-inch  Exploratory  Holes 
Drilling  6 -inch  Holes 
Drilling  6-_nch  Concrete  Cores 
Drilling  Foundation  Grout  Holes  in 

Rock 
Drilling  Foundation  Grout  Holes  in 
Concrete 

Pressure  Grouting 
Core  Boxes 

Excavation;  Railroad  and  Highv/ay 
Fill;  Railroad  and  Highway 
Earth  Fill ;  Compacted 
Additional  Compaction 

Filter 

Riprap,  Dumped;  Class  A 

Riprap,  Dumped;  Class  B 

Sand  and  Gravel  Backing 

Road  Surfacing 

Seeded  Top  Soil 

Seeding 

Concrete;  Class  A 

Concrete;  Class  B 

Concrete;  Class  C 

Rock  Flour  in  Grout 

Sand  in  Grout 

Drains;  Porous  Concrete 

Special  Bituminous  Filler;  Type  C 

Steel  Erection;  Structural 

Steel  Erection;  Concrete  Reinforcing 

Steel  Rails;  Placing 

Spillv/ay  Gates;  Erection 

Gantry  Cranes  and  Fixed  Hoist; 

Erection 
Steel  Forgings;  I.Tiscellaneous 
Steel  jStr-uctural ,  Miscellaneous 
Iron;  Cast 
pipe;  Cast  Iron 
pipe;  Wrought  Iron 


Cuantity 


:  Ton          ! 

5,000 

:Cu.Yd.      : 

376,300 

:Acre    Ft.' 

56,000 

:Cu.Yd.      i 

3,310,000 

:Cu.Yd.      . 

5,000 

:Cu.Yd.      : 

6,500 

:Cu.Yd.      : 

35,000 

sCu.Yd.      : 

•                                         < 

1,180 

•                                                                 4 

:  -Soxa         : 

Job 

:Cu.Yd.      : 

490,000 

:Cu.Yd.      : 

80,000 

:Cu.Yd.      ! 

180,000 

••Sq.Ft,       ! 

45;'^oo 

sLin.  Ft.. 

1          17400 

JLin.Ft, 

7,500 

sLin.Ft. 

• 

1,000 

•                                      * 

sLin.Ft. 

64,000 

JLin.Ft. 

5,000 

JCu.Ft.      ! 

40,000 

J  Each 

930 

:Cu.Yd.      • 

130,000 

:Cu.Yd.      . 

175,000 

:Cu.Yd. 

280,000 

:Square 

:(100sf)    . 

100,000 

:Cu.Yd.      . 

16,700 

Cu.Yd.      . 

12,400 

Cu.Yd,      J 

22,400 

:Cu.Yd.      ; 

6,600 

:Sq.Yd.       ! 

66,000 

:  Acre        . 

6 

:  Acre         . 

4 

:Cu.Yd..      . 

17,500 

:Cu.Yd.    .  . 

41,000 

:Cu.Yd.       . 

525,000 

KJu.Ft.       . 

2,000 

rCu.Ft.       ; 

2,000 

iin.Ft. 

31.300 

sCu.Ft, 

1,700 

:  Lbs. 

7,500,000 

:  -Lbs. 

!         5,000,000 

:  Lbs. 

:                 781 ',000 

:  Lbs. 

:             14,605,000 

•  Sum 

:                    Job 

:  Lbs. 

:                    2,500 

:  Lbs. 

:                    5.000 

:  Lbs. 

40,000 

:  Lbs. 

:                 38,000 

:  "Lbs, 

:                 37,000 

Items 

: 

No'. 

;           Designation 

51 

:       Pipe;  Black  Steel  8  inches 

58 

:      Pipe;  Black  Steel  Miscellaneous 

53 

:       Pipe;  Concrete,  Halved 

6o 

:       Culverts  24" 

61 

:       Culverts  36" 

62 

:      Babbitt 

63 

:      Bronze;  Castings 

64 

:       Copper;  Sheet 

65 

:       Corrugated  Iron;  ^ater  Stops 

66 

!       Doors  &  l^indows  j  Steel 

67 

f      Highway  Guard  Rail 

68 

!       Kandrailing;  Steel  Pipe  2" 

69  ! 

Handrailing;  Steel  Pipe  1^" 

70  1 

Floor  Grating;  Steel 

71 

Safety  Treads 

72  i 

Scuttles 

73  ! 

Roof  Ventilators 

74  ! 

Flagpole 

75  = 

Glass  Brick 

76  : 

Conduit;  Metal 

77  '■ 

Electrical  Grounding  System 

78  : 

Bubbler  Pipes 

79  ! 

Gallery  Drains 

80  : 

Roof  Drains 

81  : 

Roof  Surfacing 

82  : 

Rolled  Gravel  Surface 

83  : 

Flagstone  Steps 

84  : 

Stone  Tall 

85  ! 

Gravel 

86  : 

Ballast 

87  : 

Cross  Ties 

88  : 

Track  Laying 

89  : 

Field  Office 

90  : 

Field  Office  Extension 

Unit 


Lbs, 

Lbs.  . 
Lin. Ft. 
Lin .Ft. 
Lin .Ft. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 
Lin, Ft. 
Lin  .Ft 
Lin. Ft 

Lbs. 

Lbs. 

Each 

Each 

Each 
Sq.Ft. 

Lbs. 

Sum 

Each 

Each 

Each 
Squares 
Sq.Yd, 
Sq,Yd, 
Cu.Yd. 
Cu,Yd, 
Cu,Yd, 

Each 
Tracks  ( 

Sum 

Sum 


uantity 


'3,3^0 
2,000 

5.600 

575 
60c 

46.000 

3.400 

930 

73 ,000 

4,600 

29,000 

6.300 

600 

55,000 

8.300 

2 

6 

6 

440 

30,000 

Job 

120 

9 

(lOOsf)     ^ 

15.300 

50 

120 

35.000 
11.700 
11,000 
19 ,600 

Job 
Job 


Ft.) 


1-06.  C0MI.22TCE!ffil7r .  PROSECUTION  AND  COLIPLETION, 


(a)  The  contractor  will  be  required  to  commence  woiic  under  the 
contract  within  ten  (10)  calendar  days  after  the  date  of  receipt  by  him 
of  notice  to  proceed,  to  prosecute  the  said  work  with  faithfulness  and 
energy,  and  to  complete  the  entire  vrork  within  1200  calender  days  after 
said  date  of  receipt  by  him  of  notice  to  proceed,  plui  any  extensions  of 
time  duly  granted  under  the  provisions  of  the  contract  and  specifications. 
The  woric  shall  be  prosecuted  as  vigorously  as  practicable  during  all 
seasons  of  the  year. 

(b)  (1)  The  schedule  of  work  on  this  contract  v/ill  correlate 
with  the  schedule  of  work  by  other  construction  contracts,  particularly 
those  for  the  powerhouses.  The  contractor  shall  not  start  raising  the 

pool  until  days  after  receiving  notice  to 

proceed.  The  contractor  shall  complete  raising  the  pool  to  Elevation 

230  within  days  after  receiving  notice  to  proceed.  Should 

progress  on  the  other  construction  contracts  be  delayed  so  that  the  con- 
tractor is  prevented  from  raising  the  pool  because  of  such  delay,  he 
shall  be  paid  by  the  Government  $750  a  day  for  each  calender  day  of 
delay  and  shall  be  given  an  extension  of  time  on  raising  the  pool  and 


final  campletion  equal  to  the  number  of  days  of  delay. 

(2)  In  case  of  failure  on  the  part  of  the  contractor 
to  raise  the  pool  to  Elevation  230  within  the  time  thus  detennined 
and  agreed  upon,  the  contractor  shall  pay  to  the  Government  as  li- 
quidated damages  the  sum  of  $1000  a  day  for  each  calendar  day  of 
delay  until  the  pool  is  raised  to  this  elevation. 

(3)  In  case  of  failure  on  the  part  of  the  contractor 
to  complete  the  entire  woric  within  the  time  thus  determined  and 
agreed  upon  for  its  completion,  the  contractor  shall  pay  to  the 
Government  as  liquidated  damages  the  sum  of  $300  for  each  calendar 
day  of  delay  until  construction  is  completed  and  the  dam  is  placed  in 
operating  condition  as  determined  by  the  contracting  officer. 

(4)  Should  the  construction  be  completed  and  placed 

in  operating  condition  except  for  minor  finishing  work  as  deteimined 
by  the  contra-ting  officer,  the  contracting  officer  may  conditionally 
accept  and  occupy  the  work;  and  thereafter  the  contractor  shall  pay 
to  the  Governraent,  as  liquidated  daiiiages  the  sum  of  $23.00  for  each 
calendar  day  of  delay  until  all  the  items  and  minor  finishing  work 
have  been  completed  and  accepted. 

(3)   In  the  event  the  entire  structure  has  been 
completed  and  accepted  and  all  work  under  the  contract  has  been  com- 
pleted except  for  removal  of  contractor's  plant  and  buildings  and 
restoration  of  the  site,  no  further  liquidated  damages  will  be  assessed, 
but  final  payiaent  will  not  be  made  until  this  latter  work  has  been 
accanplished  as  required. 

(c)  If  the  conpletion  of  the  undertaking  to  be  performed  under 
the  terms  of  this  contract  be  delayed  by  reason  of  delay  in  the  delivery 
of  materials  or  supplies  essential  to  such  performance  because  of  national 
defense  priorities  and  without  the  fault  or  negligence  of  the  contractor, 
the  time  of  performance  will  be  extended  for  a  period  equal  to  such  delay, 
as  determined  by  the  contracting  officer,  and  subject  to  appeal,  as  pro- 
vided in  Article  9  of  "the  contract. 

1-07.  SUNDAYS,  HOLIDAYS  ^rJD  NIGHTS.  -  Work  on  Sundays,  holidays, 
and  nights  will  be  at  the  option  of  the  contractor,  flowever,  when  the 
contractor  elects  to  work  at  such  times,  notice  of  his  intention  to  do  so 
shall  be  given  the  contracting  officer  within  a  reasonable  time  in  ad- 
vance thereof. 

1-08.  PAYtENTS. 

(a)  (Availability  of  Funds?) 

(b)  Payments  will  be  made  monthly  on  estimates  of  work  per- 
formed in  accordance  with  the  contract  and  not  included  in  any  prior 
estimate,  except  that  ten  percent  (10  %)   of  the  amount  of  each  estimate 
will  be  retained  until  the  total  amount  retained  is  dollars 

( ),  and  this  aiTiount  will  be  retained  until  it  equals  ten 

percent  (10%)  of  the  remaining  work  to  be  done.  Thereafter  with  each 
monthly  payment  there  will  be  paid  such  portion  of  the  amount  so  re- 
tained as  is  in  excess  of  ten  percent  (IC^)  of  the  work  remaining  to 

be  done  until  the  amount  retained  is  reduced  to  dollars 

(  ),  which  amount  will  be  retained  until  the  com- 
pletion of  the  contract  when  final  payment  will  be  made. 

1-09.  WORK  COVERED  BY  CONTRACT  PRICE. 

(a)  The  contractor  shall,  under  his  contract  prices,  furnish 
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and  pay  for  all  materials  (except  as  specified  in  paragraph  1-10), 
labor  and  equipment  for  all  permanent,  temporary,  preparatory  and 
incidental  work,  furnish  all  accessories  and  do  everything  which  may 
be  necessary  to  carry  out  the  contract  in  good  faith,  which  contemplates 
everything  completed  in  good  working  order,  of  good  material  and  with 
accurate  workmanship,  skillfully  fitted  and  properly  connected  and  put 
together. 

1-10.  MATERIALS  BURNISHED  BY  THE  UNITED  SPATES. 

(a)  The  following  material  furnished  by  the  United  States 
will  be  delivered  to  the  contractor  f.o.b.,  at  the  site  of  the  woric. 

(1)  Cement  and  Concrete  Aggregates 

(2)  Reinforcements 

(3)  Diversion  Gates  and  Appurtenances 

(4)  Spillway  Gates,  Gantry  Cranes,  Fixed  Hoists, 

and  Appurtenances 

(5)  Structural  Steel 

(6)  Rails  for  Gantry  and  Permanent  Railroad 

(7)  Cofferdam  and  Trestle  Timber  with  Drift  Pins,  Bolts, 

Washers,  and  Tie  Rods  for  Same. 
The  Goverimient  will  at  all  times  expedite  the  delivery  of  all  orders 
but  the  Government  will  not  be  liable  for  any  expense  or  delay  caused 
the  contractor  by  delayed  deliveries  except  as  provided  for  under 
Article  9  of   the  contract.  The  contractor  shall  be  responsible  that  all 
railroad  cars  are  unloaded  promptly  and  will  be  held  liable  for  any  demurrage 
charges  due  to  his  failure  to  do  so.  He  will  be  required  to  unload,  deliver  to 
site,  store,  clean,  assemble,  install,  and  paint  this  equipment  and  materials 
in  accordance  with  these  specifications,  and  the  contract  drawings. 

(b)  All  materials  and  equipment  shall  be  adequately  housed 
or  otherwise  protected  against  deterioration  and  damage.  When  material 
stored  at  the  side  is  not  adequately  protected  by  the  contractor,  such 
material  will  be  kept  protected  by  the  contracting  officer  at  the 
expense  of  the  contractor.  Any  materials  furnished  by  the  Government 
which  are  damaged  or  broken  by  the  contractor  during  the  unloading, 
storing,  or  transporting  of  such  materials,  or  in  the  prosecution  of 
the  work,  shall  be  replaced  by  the  contractor  at  his  expense, 

(c)  The  contractor  shall  check  the  quantity  and  condition 
of  all  materials  delivered  to  him  at  the  time  of  unloading,  and  in 

case  there  is  damage  to,  or  shortage  of  materials,  he  shall  report  it 
to  the  contracting  officer  in  writing  within  24  hours  after  delivery. 
If  there  is  any  shortage,  or  damage  which  in  the  opinion  of  the  con- 
tracting officer  is  sufficient  to  cause  the  materials  to  be  unfit  for 
use  in  the  work,  and  the  shortage  or  damage  has  not  been  reported  as 
specified  above,  the  contractor  will  be  charged  with  the  actual  cost 
of  replacement  of  such  shortage  or  damage, 

(d)  Cement  and  Aggregates  fbr  Concrete.  -  The  Government 
will  furnish  all  cement,  fine  aggregate,  and  coarse  aggregate  required 
for  the  work  covered  by  these  specifications.  All  cement  furnished 
for  concrete  except  high  early  strength  cement,  will  be  a  moderate- 
heat  -of  -hardening  Portland  cement.  All  aggregates  furnished  (see  Sec- 
tion V)  will  be  either  natural  or  manufactured  sand,  and  gravel  or 
crushed  rock.  Explorations  and  investigations  are  being  conducted  by 
the  contracting  officer  for  concrete  aggregates.  The  results  of  these 
investigations  will  be  made  available  to  interested  bidders  at  the 

U.  S.  Engineer  Office,  Massena,  N.  Y. ,  and  bidders  may  also,  by  request. 
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obtain  a  copy  of  the  Govenment  specifications  for  the  concrete  aggre- 
gates to  be  furnished. 

(e)  Cement  and  aggregates  will  be  made  available  to  the 
contractor  at  any  time  later  than  90  days  after  the  date  of  notice  to 
proceed,  and  he  shall  give  the  Government  at  least  90  days  notice  in 
advance  of  the  time  he  will  require  the  first  material.  Thereafter 
he  shall  at  all  times  keep  the  contracting  officer  infoimed  of  his 
anticipated  requirements  by  submitting,  ten  days  before  the  first  of 
each  month,  or  at  such  other  times  as  may  be  directed  by  the  contrac- 
ting officer,  a  written  notice  of  his  future  cement  and  aggregate  re- 
quirements for  the  next  JO   days.  Copies  of  all  orders  for  cement 
will  be  furnished  promptly  to  the 'contractor.  The  cement  vTill  be 
furnished  in  bulk  except  that  necessary  for  grouting  and  finishing 
work,  which  will  be  furnished  in  paper  bags.  Any  cement,  bulk  or  bag, 
which  shall  be  damaged  after  delivery  to  the  contractor  shall  be  paid 
for  by  him.  An  difference  in  excess  of  one-half  of  one  percent  be- 
tween the  net  quantity  of  bulk  cement  and  aggregates  delivered  to  the 
contractor,  and  the  quantity  of  the  above  materials  incorporated  in 
the  completed  and  accepted  work  will  be  charged  to  the  contractor,  at 
its  cost  to  the  Government  at  the  point  of  delivery  to  the  contractor. 
The  quantity  of  bulk  cement  and  aggregates  delivered  to  the  contractor 
will  be  determined  by  certified  shipping  weights.  The  contractor 
shall  provide,  at  the  site,  a  minumum  storage  for  20,000  barrels  of 
bulk  cement  and  5^0  barrels  of  bag  cement,  and  shall  be  prepared  to  re- 
ceive and  stock  pile  a  minimum  of  100,000  tons  of  concrete  aggregate. 
In  order  that  cement  will  not  become  unduly  aged  after  delivery,  the 
contractor  shall  not  use  cement  in  the  work  directly  from  the  freight- 
ing or  transporting  operations  whenever  any  cement  is  available  that 
has  been  stored  more  than  60  days  after  delivery  to  the  contractor. 
Cement  that  has  been  stored  for  more  than  90  days  shall  be  retested 
at  the  expense  of  the  contractor,  (See  paragraph  l-3l(d).)  Storage 
bins  for  cement  shall  be  so  constmcted  that  there  will  be  no  dead 
storage  and  will  provide  adequate  protection  against  the  elements. 

(f)  Cement  and  aggregates  furnished  by  the  Government  may 
be  used  by  the  contractor  in  erecting  construction  plants  and  facili- 
ties. The  contractor  will  be  billed  for  the  actual  cost  to  the  Gov^irn- 
ment  at  the  point  of  delivery  for  furnishing  the  materials  so  used  by 
the  contractor.  The  materials  thus  used  shall  not  be  included  in  the 
one -half  of  one  percent  tolerance  specified  above. 

(g)  The  contractor  shall  be  responsible  for  unloading  and 
handling  of  all  cement  and  aggregates  furnished  by  the  Government. 
The  cost  of  such  unloading,  storing  or  stock  piling  shall  be  included 
in  the  contract  unit  prices  for  those  items  on  which  the  material  will 
be  used. 

(h)  The  contractor  shall  return  to  the  Government,  f,o,b, 
in  cars  at  the  point  of  delivery,  all  cement  furnished  by  the  Govern- 
ment and  not  used.  The  contractor  will  charged  for  any  cement,  not  used 
and  not  returned,  except  for  one-half  of  one  percent  allowed  for  loss, 
an  amount  equal  to  the  cost  to t  he  Government  at  the  point  of  delivery 
to  the  contractor. 

Reinforcement 
(i)  flEIMFORCiI.iKNT .  -  Reinforcement  will  be  cut  to  length  and 
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bent  before  delivery.  See  paragraph  5-14*  for  specified  placing  re- 
quirements, 

( j)  Reinforcement  will  be  made  available  to  the  contractor 
within  150  days  after  the  contractor  notifies  the  Government  he  will 
require  such  reinforcement,  and  he  shall  furnish  written  notice  of  his 
requirements  for  the  first  four  months.  Thereafter  he  shall  at  all 
times  keep  the  contracting  officer  informed  of  his  anticipated  re- 
quirements for  reinforcement  in  the  following  manneri  On  the  first 
day  of  the  first  4-°ioii"th  period  the  contractor  shall  furnish,  written 
notice  of  his  future  requirements  during  the  second  4-nionth  period, 
and  so  on  through  the  duration  of  the  contract.  Upon  receiving  notice 
to  proceed,  the  contractor  shall  also  furnish  the  contracting  officer 
a  general  schedule  of  reinforcement  requirements  for  the  duration  of 
the  contract  by  four-month  periods,  it  being  understood  that  shipments 
may  be  based  on  definite  requirements  as  stated  in  the  contractor's 
tejgular  periodic  notices  of  requirements, 

(k)  Copies  of  all  orders  for  concrete  reinforcements  will 
be  furnished  promptly  to  the  contractor.  Any  reinforcement  which 
shall  be  damaged  after  delivery  to  the  contractor,  and  any  difference 
in  excess  of  one -half  of  one  percent  between  the  net  quantity  of  rein- 
forcement delivered  to  the  contractor  and  the  quantity  incorporated 
in  the  completed  and  accepted  woric  will  be  charged  to  the  contractor, 
at  its  cost  to  t  he  Govenament  at  the  point  of  delivery  to  the  contrac- 
tor. The  quantity  of  reinforcement  delivered  to  the  contractor  will 
be  determined  by  certified  shipping  weights, 

(1)  Diversion  gates,  spillway  gates,  structural  steel, 
gantry  cranes,  fixed  hoists,  and  appurtenances  (see  Section  711  and 
Till)  will  be  made  available  for  erection  by  the  contractor.  The  con- 
tractor shall  furnish  written  notice  and  schedule  of  his  requirements 
for  the  diversion  gates,  spillway  gates,  structural  steel,  gantry 
cranes,  hoists,  and  appurtenances,  at  least  150  days  before  the  time 
proposed  for  starting  erection, 

(m)  Rails  for  the  gantry  cranes,  railroad  and  appurtenances 
(see  Sections  VIII  and  XIII),  timber  for  cofferdams  and  t restle ,  drift 
pins,  bolts,  washers,  and  tie  rods  (see  Sections  II  and  XIII)  will  be 
made  available  for  erection  by  the  contractor.  On  receiving  notice 
to  proceed  he  shall  within  10  days  furnish  written  notice  of  his  first 
requirements.  Thereafter  the  contractor,  within  30  days  after  he  re- 
ceives notice  to  proceed  shall  furnish  written  notice  and  schedule  of 
his  requirements  for  the  duration  of  placing  the  above  items, 

1-11.  ELECTRICAL  ENERGY  DURING  THE  CONSTRUCTION  PERIOD. 

(a)  The  United  States  will  provide  a  source  of  electrical 
energy  withotit  cost  to  the  contractor  at  a  point  approximately  3^0   feet 
from  the  south  abutment.  The  capacity  of  this  source  will  be  5*5^0 
K,V,A.  at  6,600  volts,  3-pbase,  60  cycle.  The  contractor,  if  he  elects 
to  use  this  power,  shall  provide,  without  cost  to  the  United  States, 
all  facilities  and  equipment  necessary  to  furnish  himself  with  elec- 
trical energy  for  power  and  lighting  from  the  above  source.  This  shall 
include  a  meter,  metering  equipment,  transformers,  poles,  switches, 
lights,  and  any  other  equipment  that  may  be  necessary.  The  contractor 
will  be  required  to  light  during  the  constriction  period  all  highways 
built  by  him,  and  all  job  roads,  galleries  within  the  dam,  outside 
work  areas,  all  safety  lights  (see  paragraph  1-22),  and  any  other 
lighting  as  directed,  all  to  the  satisfaction  of  the  contracting  officer. 
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Energy  will  be  3-phase,  6o-cycle,  for  the  operation  of  all  permanent 
government  equipment,  and  shall  be  furnished  at  the  voltages  as  re- 
quired for  each  specific  use  oras  indicated  on  the  drawings.  The 
contractor  shall  maintain  service- until  completion  of  the  contract. 
All  costs  for  electrical  energy  shall  be  corne  by  the  contractor. 
The  contractor  shall  make  payment  to t  he  United  States  each  month  for 
electrical  energy  furnished  him,  at  the  rate  of  the  actual  cost  to 
the  United  States,  plus  10  percent  to  cover  installation  and  overhead, 
for  supplying  the  electrical  energy.  The  rate  of  the  actual  cost  to 
the  United  States  may  be  obtained  at  the  U.  S.  Engineer  Office,  Massena, 
New  York, 

(b)  The  contractor  shall  provide  for  the  period  of  this 
contract  the  electrical  energy  for  lighting  and  miscellaneous  use  in 
the  government  field  office  (Section  XII).  The  contractor  shall  pro- 
vide an  electric  meter  in  the  field  office,  and  each  month  the  elec- 
trical energy  furnished  the  field  office  will  be  deducted  from  the 
total  electrical  energy  furnished  the  contractor.  The  energy  required 
in  the  field  office  shal  be  220/llO-volt ,  60-cycle,  single-phase,  3 
wires • 

1-12.  ORDER  OF  WOHC,  -  The  following  general  program  of  work  is 
contemplated,  subject  to  such  modification  as  may  be  found  necessary 
or  desirable  by  the  contracting  officer.  Should  the  contractor  desire 
at  the  time  of  making  his  proposal  to  chemge  this  general  progiam 
other  than  dates  of  beginning,  raising  pool  to  Elevation  230,  and 
completion,  he  shall  so  state  in  his  proposal.  The  main  features  of 
the  work  are  as  follows ; 

(a)  First  Stage ;  Will  include  the  construction  of  the 
south  portion  of  the  dam  except  for  diversion  openings. 

(b)  Second  Stage ;  Will  include  the  construction  of  the 
north  portion  of  the  dam  except  for  diversion  openings  if  required. 

(c)  Third  Stage";  Will  include  closure  of  diversion  openings 
and  completing,  construction.  Further  description  of  the  work  to  be 
perfoimed  during  these  stages  is  given  in  Section  II. 

(d)  Concurrently  with  any  of  the  foregoing  operations  the 
contractor  may  also  carry  on  any  other  operations  that  do  not,  in  the 
opinion  of  the  contracting  officer,  impair  safety,  nor  in  any  way 
adversely  affect  the  woi^,  nor  divert  force,  equipment,  or  material 
that  shovild  be  contributing  to  the  progress  of  operations  of  higher 
priority. 

(e)  The  contractor  shall  at  all  times  keep  the  contracting 
officer  informed  of  the  order  of  proposed  operations.  To  this  end, 

in  addition  to  the  charts  required  to  be  submitted  in  accordance  with 
paragraph  l6  (d)  of  the  Invitation  for  Bids,  the  contractor  shall 
furnish  such  supplementary  charts  "i.id/or  other  information  regarding 
proposed  future  operations  as  may  b<=i  required  by  the  contracting  officer. 

1-13.  RIGHl"-OF-WAy.  -  The  right-of-way  for  the  work  covered  by 
these  specifications  and  for  the  access  railroad  and  highway  will  be 
furnished  by  the  Government. 
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1-14.  ROADS  AND  GROUNDS. 

(a)  The  contractor  shall  have  the  privilege  of  using  the 
Government -controlled  land  within  the  work  areas  shown  on  Sheet  No^2  of 
the  drawings,  except  for  that  part  of  said  lands  as  may  be  reserved  by 
the  contracting  officer  for  other  purposes* 

"(b)  At  any  time  during  the  progress  of  the  woik  the  con- 
tractor shall,  when  so  directed  by  the  contracting  officer,  proinptly 
vacate  and  clean  up,  within  6o  days  after  written  notice,  without 
expense  to  the  Government,  any  part  of  the  grounds  which  have  been  in 
use  by  him  when  such  grounds  are  needed  for  other  purposes*  The  con- 
tractor shall  keep  the  buildings  and  grounds  in  use  by  him  at  the  site 
of  the  woric  in  an  orderly  and  sanitary  condition  and  shall  provide 
suitable  extinguishers  or  other  fire-fighting  apparatus  for  ready  use 
in  all  buildings  erected  or  in  use  by  the  contractor  on  Government 
property. 

(c)  The  contractor  shall  not  obstruct  any  existing  roads 
dn   the  lands  controlled  by  the  United  States  and  Shall  maintain  all 
roads  in  the  vicinity  of  the  woric  in  as  good  condition  as  exists  at 
the  time  of  corrmnencement  of  the  woiic, 

(d)  The  contractor  will  be  required  to  construct  a  covered 
wooden  observation  platform  having  an  area  of  about  six-hundred  (6pO) 
square  feet  for  the  use  of  the  general  public.  This  platform  shall  be 
constructed  at  a  location  selected  by  the  contracting  officer.  The 
contractor  shall  also  provide  suitable  and  safe  access  to  the  observation 
platform  for  the  general  public  so  that  it  may  observe  the  work  in 
progress.  No  separate  payment  will  be  made  for  this  woik. 

1-15.  CAMP  CONSTHJOTION  AND  SUPERVISION. 

(a)  The  construction,  operation  and  maintenance  of  facil- 
ities for  the  quartering  and  subsisting  of  the  contractor's  employees 
will  be  subject  to  the  approval  of  the  contracting  officer  if  the 
facilities  are  located  on  Governnient  property.  The  contractor  will  be 
permitted  to  construct  such  facilities  on  the  right-of-way  owned  by  the 
Government  only  at  such  locations  specifically  approved  by  the  con- 
tracting officer.  The  type  of  construction  and  design  for  the  building 
erected  by  the  contractor  will  be  subject  to  the  approval  of  the  con- 
tracting officer.  Expensive  or  permanent  types  of  construction  will 
not  be  required,  but  no  unsightly,  unsanitary  shacks  or  shanties  will 
be  permitted.  The  contractor  will  be  required  to  comply  with  State 
and  local  laws  relative  to  police  and  sanitary  measures  and  with  other 
protective  measures  imposed  by  the  contracting  officer  in  the  admin- 
istration of  his  can^s.  In  the  event  of  noncompliance  with  such  laws 
and  regulations,  the  contracting  officer  will  enforce  them  at  the 
expense  of  the  contractor.  The  contracting  officer  may  require  the 
contractor  to  discharge  any  employee  from  the  work  for  violation  of 
camp  regulations.  (See  paragraph  1 -21(c).) 

(b)  In  the  event  the  contractor  makes  arrangements  with 
landowners,  other  thfiui  the  Government,  near  the  site  of  the  woik  for 

the  construction  of  temporary  facilities  f or  t he  quartering  and  subsisting 
of  his  employees,  he  will  be  subject,  in  the  operation  and  maintenance 
of  such  a  camp,  to  all  the  provisions  of  subparagraph  (a)  above  with 
respect  to  the  requirements  for  compliance  with  all  State  and  local 
laws  relative  to  police  and  sanitary  measures,  and  with  measures  such  as 
safety,  fire  hazard  and  protection,  etc.,  imposed  by  the  contracting 
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officer.  In  the  event  of  noncompliance  with  such  laws  and  regulations  while 
operating  and  maintaining  a  temporary  camp  not  on  the  Government-owned 
or  controlled  property,  the  contracting  officer  will  enforce  them  at  the 
expense  of  the  contractor.  The  contracting  officer  may  require  the  contrac- 
tor to  discharge  from  the  work  any  employee  for  violation  of  camp  regu- 
lations, notwithstanding  the  fact  that  the  camp  may  not  be  located  on 
Government -owned  or  controlled  property. 

(c)  In  the  event  the  contractor  provides  subsistence  for 
his  employees,  he  shall  also  provide  subsistence  to  such  Government 
employees  as  may  require  such  accommodations  and  at  the  same  rates 
charged  his  own  employees. 

(d)  No  business  or  recreational  facilities  shall  be  estab- 
lished or  operated  on  Government -owned  or  controlled  lands  without 

the  written  approval  of  the  contracting  officer. 

1-16.  BORROW  PITS. 

(a)  Should  the  contractor  locate  deposits  of  bank  run  sand 
and  gravel  or  other  materials  within  the  Government-controlled  area 

in  the  reservoir  or  adjacent  to  the  site,  which  are  satisfactory  to 
the  contracting  officer,  he  may,  on  approval  of  the  contracting  office 
use  such  deposits.  No  charge  with  be  made  to  the  contractor  for 
materials  authorized  to  be  taken  from  Government-controlled  lands 
and  used  in  the  work  covered  by  these  specifications.  All  borrow  pits 
shall  be  left  in  a  neat  and  sightly  condition,  and  all  pits  above  the 
normal  ground  water  table  shall  be  adequately  drained.  Side  slopes 
shall  be  not  steeper  than  1  on  3*  No  separate  payment  will  be  made 
for  such  work. 

(b)  Approval  of  material  sources  by  the  contracting  officer 
shall  not  constitute  approval  of  all  materials  taken  from  such  deposit 
and  the  contractor  will  be  responsible  for  the  quality  of  all  material 
used  in  the  work. 

(c)  Should  the  contractor  obtain  materials  from  deposits  on 
private  lands  he  shall  pay  any  royalties  or  other  charges  required, 
and  the  contracting  officer  assumes  no  responsibility  for  such  use, 
and  the  Government  will  not  be  obligated  in  any  way. 

1-17.  DATUM  AND  REFERENCE  BENCH  IklARKS.  -  The  plane  of  reference 
used  in  these  specifications  and  on  the  drawings  is  I.fean  Sea  Level. 
Elevations    referring  to  this  datum  plane  are  to  be  determined  from  the 
following  Dench  mark;  See  Bulletin  514»  Results  of  Spirit  Leveling 
in  New  York.  U»  S.  Geological  Survey,  page  59 • 

Pollys  Creek,  li20   feet  east  of,  3*5   feet  from 
south  fence  of  road,  on  south  side  of  river 
road  on  line  of  a  stone  fence  runnin^^  north  and 
south,  opposite  barnyard  of  Frank  Polly's  farm; 
top  of  roundheaded  brass  bolt  set  in  concrete  base 
(U.S.  Corps  of  Engineers  4)«  Elevation  221.373. 

1-18.  PHYSICAL  DATA. 

(a)  Foundation  data.  -  Investigations,  including  surveys, 
borings,  test  trenches,  pits  and  test  shafts  made  at  the  site  by  the 
United  States  to  determine  the  character  of  the  foundation  materials 
are  shown  on  the  drawings  i«x erred  to  in  paragraph  I-04. 
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The  United  States  does  not  guarantee  that  other  materials  will 
not  be  encountered  nor  that  the  proportions  of  the  several  raaterials 
will  not  vary  from  those  indicated  by  the  explorations.     Bidders  are 
expected  to  examine  the  site  of  the  woric,   the  logs  of  borings,  test 
pits,  probings,  and  the  cores  and  samples  which  are  available  at 
the  U.  S.  Engineer  Office,  Rtossena,  New  York,  and,   after  investigation, 
decide  for  themselves  the  character  of  the  materials  and  make  their 
bids  accordingly, 

(b)     Weather  Conditions.   -  Meteorological  data  in  the  form 
of  rainfall,   snow  and  ten^jerature  records,  prepared  frcm  records  covering  a 
period  of  33  years  (190?  to  1939,   inclusive)  of  the  U.  S.  Weather 
Bureau  Station  at  Canton,  New  Yoric,  approximately  35  miles  southwest  of  the 
site  of  the  work,  are  as  follows: 


Temperature 

Precipitation 

Degrees  Fahrenheit 

(Mean  Monthly) 

Mean 

Extreme 

Extreme 

Total 

Inches  of 

Month 

Monthly 

Max. 

Min. 

Inches 

Snow 

January 

16,8 

61 

-41 

2.64 

14.9 

February 

15.8 

63 

-43 

2.30 

15.5 

March 

27.9 

78 

-30 

2.60 

13.1 

April 

ia.7 

85 

-1 

2.59 

4.9 

May 

54.2 

93 

21 

3.03 

0,2. 

June 

(^3-5 

97 

30 

3.51 

0 

J\ily 

68.3 

99 

34 

3.62 

0 

August 

66.5 

96 

35 

3.42 

0 

September  58 • 8 

91 

25 

3.44 

0.1 

October 

47.4 

83 

14 

3.04 

1.0 

November 

35.0 

75 

-15 

3.02 

7.5 

December 

21.4 

61 

-37 

2,62 

14.5 

(c)  St. 

Lawx*ence  River 

Water  Temperature, 

>_  -   The  St, 

Lawrence  River  water  temperatures  prepared  from  records  covering 
a  period  of  8  years  (1933  'to  1940 1   inclusive)   of  the  City  Engineer, 
Ogdensburg,  New  Yoric,   are  as  follows: 


Month 


Water 

Temperature 

Degrees  Fahrenheit 

Mean 

Extreme 

Monthly 

Max. 

32.7 

36 

32.9 

37 

33.0 

37 

36.2 

46 

46.9 

60 

58.8 

66 

^5.5 

73 

70.5 

74 

64.6 

72 

56.4 

65 

46.5 

52 

35.7 

44 

Extreme 
Min. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


32 
32 
32 

32 
37 
49 
59 
63 
59 
50 
37 
32 


The  above  data  are  included  for  the  information  of  the  contractor.     The 
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Government  assvtmes  no  responsibility  for  their  completeBess  or  accuracy 
or  for  deductions,  interpretations,  or  conclusions  drawn  therefrom, 

(d)  River  Stages.-  Mean  low  water  of  the  St.  Lawrence  River 
at  the  foot  of  Long  Sault  Island  is  at  Elevation  169.6.  During  the 
period  of  record  of  winter  water  surface  elevations,  I913  to  I940, 
inclusive,  the  maximum  stage  occuring  at  this  point  during  the  winter 
months  of  December  -  March,  inclusive,  is  estimated  to  have  been 
Elevation  I96.2  (Jan.  I9I8).  Winter  stages  frequently  have  reached 
levels  betv/een  El.  175   aiid  El.  I90.  Such  high  stages  are  produced 
by  ice  Conditions  in  the  river  downstream  from  the  site  of  the  work 
and  are  not  expected  to  occur  during  the  period  April  I6  to  Nov.  30. 
The  majdmum  stage  occurring  at  the  aforementioned  location  from  1888 
to  1940  inclusive  during  the  period  April  16  to  Nov,  30»  is  estimated 
to  have  reached  approximate  Elevation  174«6»  Additional  data  on 
river  stages  are  available  for  inspection  in  the  U,  S.  Engineer  Office 
Massena,  N.  Y,  The  Government  does  not  guarantee  the  completeness  or 
accuracy  of  any  of  the  above  data  and  assumes  no  responsibility  for 
deductions,  interpretations,  or  conclusions  drawn  therefrom, 

(e)  Utilities.  -  In  the  event  that  power  lines,  telephone 
or  telegraph  lines,  pipe  lines,  cables,  or  other  utilities  are  en- 
countei^d  within  the  limits  of  the  work  including  the  access  right- 
of-77ay,  the  contractor  shall  notify  the  contracting  officer  in  writing 
of  any  necessary  changes  in  such  utilites  not  less  than  30  days  in 
advance  of  the  date  he  desires  such  changes  made.  The  contracting 
officer  will  arrange  for  the  relocation  or  reconstruction  of  such 
utilities  by  other  agencies,  or  will  authorize  the  contractor  to  re-nove 
them,  at  no  extra  cost  to  the  Government,  to  the  extent  required  for 
execution  of  the  contract  work, 

1-19.  TRANSPORTATION  FACILITIES.  -The  following  data  on  trans- 
portation facilities  is  furnished  for  the  information  of  the  con- 
tractor but  the  Government  assumes  no  responsibility  for  its  complete- 
ness or  accuracy  and  the  contractor  is  expected  to  investigate  the 
conditions  and  detemine  for  himself  the  probable  transportation 
facilities  available. 

(a)  Railroads.  -  Massena,  N.  Y.  is  served  by  the  New  York 
Central  Railroad  and  a  branch  line  of  the  Canadian  National  Railway 
(known  as  the  Grand  Trunk  Lines  in  the  United  States),  Plans  are 

now  being  developed  for  a  construction  railroad  to  be  built  by  others, 
such  railroad  to  connect  with  existing  lines.  The  contemplated  rail- 
road v;ill  cross  the  Grass  River  or  the  Massena  Power  Canal,  and  will 
probably  terminate  a  few  miles  northest  of  Massena,  N,  Y.  The  con- 
tractor shall  construct  the  access  railroad  from  the  above  line  at  a 
point  indicated  on  the  drawings  (also  see  Section  XEII),  to  the  site 
of  the  Long  Sault  Dam. 

(b)  Highways.  -  The  town  of  Massena,  N,  Y.  is  served  by 
New  York  State  Highways  No*  37  and  No.  56,  the  latter  connecting 
with  U.  S«  High\7ay  No.  11  at  Potsdam,  N.  Y.,  about  25  miles  distant. 
Several  improved  county  roads  connect  the  aforementioned  State  High- 
ways with  the  site  of  the  work. 

(c)  Water.  -  The  nearest  port  to  the  site  of  the  work  pro- 
viding docking  and  other  harbor  facilities  is  Cornwall,  Olitario, 
Canada,  Cornwall  is  accessible  by  water  from  Lake  Ontario  and  from 
the  head  of  deep-v^-ater  navigation  at  Montreal  by  means  of  the  St, 
Lawrence  Canals  and  open-river  stretches  of  navigable  channels.  Locks 
in  the  canals  generally  limit  the  size  of  craft  to  widths  less  than 

45  feet,  lengths  less  than  250  feet,  and  drafts  less  than  14  feet. 
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For  a  detailed  description  of  the  existing  canal  and  lock  clearances 
and  depths,  the  contractor  is  referred  to t he  booklet  "The  Canals  of 
Canada",  published  by  the  Department  of  Transport,  Ottawa,  Ontario, 
Canada,  copies  of  which  are  available  for  inspection  in  the  U.  S» 
Engineer  Office,  Massena,  N.  Y.  The  navigation  season  is  usually 
limited  by  ice  conditions  to  the  period  from  April  20  to  December  !• 

1-20.  ORGANIZATION,  PLANT  AND  PROGRESS. 

(a)  The  contractor  shall  perfom,  directly  and  without 
subcontracting,  not  less  than  fifty  percent  (50^)  of  ^he  Trork,  to  be 
calculated  on  the  basis  of  the  contract  price. 

(b)  The  contractor  shall  employ  an  ample  force  of  properly 
e:q)erienced  men  and  provide  a  construction  plant  properly  adapted  to 
the  work  and  of  sufficient  capacity  and  efficiency  to  accomplish  the 
work  in  a  safe  and  workmanlike  manner  at  the  rate  of  progress  specified 
in  his  bid.  All  plant  shall  be  maintained  in  good  working  order  and 
provision  shall  be  made  for  immediate  emergency  repairs.  No  reduction 
in  the  capacity  of  the  plant  employed  on  the  woik  shall  be  made  ex- 
cept by  written  permission  of  the  contracting  officer.  The  measure 

of  the  "capacity  of  the  plant"  shall  be  its  actual  performance  on 
the  work  to  which  these  specifications  apply.  It  is  understood  that 
award  of  this  contract  shall  not  be  construed  as  a  guaranty  by  the 
Qnited  States  that  plant  listed  in  statement  of  contractor  for  use 
on  this  contract  is  adequate  for  the  perfoimance  of  the  woiic. 

(c)  Should  the  contractor  fail  to  maintain  the  rate  of 
progress  proposed  in  his  bid,  the  contracting  officer  may  require 
that  additional  men  or  plant,  or  both,  be  placed  on  the  work, 
working  if  necessary  during  additional  periods,  or  a  reorganization 
of  plant  layout  be  effected  in  order  that  woric  be  brought  up  to 
schedule  and  maintained  there.  Should  the  contractor  refuse  or 
neglect  so  to  increase  the  number  of  men  or  plant,  or  both,  or  to 
reorganize  the  plant  layout  in  the  manner  satisfactory  to  the 
contracting  officer,  the  latter  may  proceed  under  the  provisions  of 
Article  9  of  the  contract. 

1-21.  LIABILITY  AND  SAFETY  REQUIREMENTS, 

(a)  Accident  I^?8vention.  -  In  order  to  protect  the  life  and  health 
of  eii5)loyee3  in  the  perfoimance  of  this  contract,  the  contractor  will  comply 
with  all  pertinent  provisions  of  the  "Safety  Requirements  in  Excavation  - 
Building  -  Construction"  Approved  by  the  Chief  of  Engineers,  December  l6, 
1941 »  (a  copy  of  which  is  on  file  in  the  office  of  the  contracting 
officer)  and  as  may  be  amended,  and  will  take  or  cause  tote  taken  such  additional 
measures  as  the  contracting  officer  may  determine  to  be  reasonably  necessary 
for  this  purpose.  The  contractor  will  maintain  an  accurate  record  of  and  will 
report  to  the  contracting  officer  in  the  manner  and  on  the  forms  prescribed  by 
the  contracting  officer,  all  cases  of  death,  occupational  disease  and 
traumatic  injury  arising  out  of  or  in  the  course  of  employment  on  work  under 
this  contract.  The  contracting  officer  will  notify  the  contractor  of  any 
non-compliance  with t he  foregoing  provisions  and  the  action  to  be  taken.  The 
contractor  shall,  after  receipt  of  such  notice,  immediately  correct  the  con- 
ditions to  which  attention  has  been  directed.  Such  notice,  when  served 
on  the  contractor  or  his  representative  at  the  site  of  the  work,  shall  be 
deemed  sufficient  for  the  purpose  aforesaid.  If  the  contractor  fails  or 
refuses  to  comply  promptly,  the  contracting  officer  may  issue  an  order 
stopping  all  or  any  part  of  the  work.  When  satisfactory  corrective  action 
is  talcen,  a  start  order  will  be  issued.  No  part  of  the  time  lost  due 
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to  any  sucn  3top  order  shall  be  made  the  subject  of  claim  for  extension  of 
time  or  for  excess  costs  or  damages  by  the  contractor. 

(b)  The  contractor  will  not  be  allowed  to  block  or  obstruct  any 
public  highway  without  having  secured  prior  permission  from  the  contracting 
officer,  and  he  shall  provide  safe,  temporary  detours.  During  the  time  the 
public  highways  may  be  so  blocked,  the  contractor  shall  place  danger  lights, 
barricades  and  warning  signs  in  accordance  with  the  laws  of  the  State  of 
Nsw  York. 

(c)  The  contractor  shall  be  responsible  that  his  employees  strictly 
observe  the  laws  of  the  United  States  affecting  all  opertions  at  the  site  under 
the  contract.  He  shall  comply  with  all  applicable  Federal,  State  and  local 
laws,  including  those  concerning  the  inspection  of  boilers  and  other  equip- 
ment, the  licensing  of  engineers  and  other  employees. 

(d)  The  Diaited  States  will  not  be  responsible  for  any  damage  to  or 
increased  difficulties  in  performance  of  the  work  under  this  contract  on 
account  of  any  scour  or  other  changes  in  the  river  bed  or  banks  or  water 
currents  resulting  from  other  construction  at  the  site,  and  no  payments, 
allowances  or  deductions  will  be  made  for  or  on  account  of  any  such  damage  or 
difficulties. 

(e)  Nothing  in  this  paragraph  shall  be  construed  as  modifying  the 
responsibility  of  the  contractor  as  set  forth  in  Article  10  of  the  contract. 

1-22.  LIGHTS.  -  The  contractor  shall,  at  his  own  expense,  display 
proper  lights  continuously  each  night,  between  the  houra  of  sunset  and  sun- 
rise and  during  fogs,  upon  cofferdams,  all  floating  plant  connected  with  the 
work,  and  all  ranges  and  other  stakes  in  connection  with  it,  when  necessary 
in  the  opinion  of  the  contracting  officer,  and  shall  be  responsible  for  all 
damages  resulting  from  any  neglect  or  failure  in  this  respect.   If  work  is 
done  at  ni^t  the  contractor  shall  maintain,  from  sunset  to  sunrise,  such  lights 
on  or  about  his  plant  as  the  contracting  officer  may  deem  necessary  for  the 
proper  observation  of  the  operations. 

1-23.  USE  OF  EXPLOSIVES.  -  The  contractor  shall  use  the  utmost  care  in 
the  use  of  explosives  necessary  for  the  prosecution  of  the  work,  not  to  en- 
danger life  or  property.  All  blasting  operations  shall  be  conducted  by 
experienced  men  only.  The  handling  and  use  of  explosives  shall  be  done 
strictly  in  accordance  with  the  latest  methods  and  rulings  to  insure  safety, 
in  accordance  with  the  specifications  issued  by  the  U.  S.  Bureau  of  Mines, 
and  in  compliance  with  the  local  and  State  laws.  Failure  to  observe  necessary 
precautions  will  be  sufficient  grounds  for  temporary  suspension  of  the  work. 
All  explosives  shall  be  transported  and  stored  in  a  secure  manner,  and  in 
accordance  with  local  and  State  laws;  all  vehicles  and  such  storage  places 
shall  be  marked  clearly  "DANGER  -  EXPLOSIVES,"  and  shall  be  in  the  care  of 
competent  watchmen  at  all  times.   In  no  case  shall  caps  or  other  detonators  be 
stored  or  transported  with  dynamite  or  other  explosives.  The  location  of 
magazines  for  the  storage  of  explosives  and  for  the  separate  storage  of  detonators 
shall  be  subject  to  the  approval  of  the  contracting  officer. 

1-24.   PROPERTY  D1A5AGE.  - 

(a)  Damage  to  Government  property  or  to  the  works  due  to  failure 
of  the  contractor  to  carry  out  the  terms  of  the  contract  and  specifications,  to 
take  reasonable  precautions,  or  to  maintain  progress  to  approved  schedules, 
or  to  carry  out  the  instructions  of  the  contracting  officer  shall  be  made 
good  by  the  contractor  without  expense  to  the  United  States.  He  will  also 
be  held  responsible  for 
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any  damage  done  to  adjoining  property  thi'ough  his  neglect  or  failure 
to  take  proper  precautions  (see  Article  10  of  the  contract), 

(b)  The  contractor  will  not  be  held  responsible  for  damage 
sustained  by  the  permanent,  work  from  accident,  flood,  or  exposure 
where  such  damage  is  not  due  to  his  fault  or  negligence  and  where 
the  work  is  being  conducted  in  accordance  with  the  tenns  and  schedule 
of  the  contract  and  specifications,  but  he  shall  make  such  repairs 
as  the  contracting  officer  may  direct  to  such  damaged  portions  of  the 
work,  at  the  applicable  contract  unit  prices  for  the  various  items 
of  woik. 

1-25.  INSPECTION. 

(a)  The  work  vrill  be  conducted  under  the  general  direction 
of  the  contracting  officer  and  wil  be  inspected  in  accordance  with 
Article  6  of  the  contract  by  inspectors  appointed  by  him.  The  in- 
spectors will  keep  a  record  of  the  work  done  and  see-  that  the  location 
and  limit  maiks  are  kept  in  proper  order,  but  the  presence  of  the 
inspector  shall  not  relieve  the  contractor  or  his  responsible  agent 
(see  Article  8  of  the  contract)  of  responsibility  for  the  proper 
execution  of  the  work, 

(b)  Should  the  contractor  refuse,  neglect  or  delay  com- 
pliance with  the  requirements  concerning  facilities  for  inspection 
and  layout  (see  paragraph  1-26),  the  specific  facilities  may  be 
furnished  and  maintained  by  the  contracting  officer,  and  the  cost 
thereof  deducted  fron  any  amounts  due  or  to  beccme  due  the  contractor. 

(c)  Except  as  specified  in  this  paragraph,  in  Article  6 
of  the  contract,  and  in  paragraphs  1-31  (d)  and  1-26,  all  expenses 
of  inspection  will  be  borne  by  the  United  States. 

(d)  The  contractor  shall  furnish  a  suitable  room  containing 
at  least  150  square  feet  of  floor  space,  at  his  concrete  mixing  plant 
for  a  Grovemment  laboratory  to.  be  used  for  temporary  stoirage  of 
concrete  cylinders,  and  determination  of  moistur«  content  of  the 
concrete  aggregate.  This  room  shall  be  protected  fromihe  weather, 
properly  lifted,  provided  with  necessary  work  tables  and  benches,  and 
shall  be  heated  if  concrete  woik  is  done  in  cold  weather.  The  location 
for  this  room  shall  be  subject  to  the  approval  of  the  contracting 
officer.  The  contractor  shall  provide,  during  the  construction 
period,  electricity  for  light  and  miscellaneous  uses,  see  paragraph 
1-11  (b),  and  an  adequate  supply  of  water  for  drinking  and  sanitary- 
purposes  in  the  Government  field  of fide,  constructed  in  accprdance 

with  Section  XII  of  these  specifications. 

(e)  Portable  Buildings,  -  The  contractor  shall  furnish  two 
suitable  portable  buildings  .looated  as  required  by  the  contracting 
officer  within  the  site  of  the  work,  for  use  by  Ihe  Government.  These 
buildings  shall  be  approximately  10  feet  by  12  feet  and  shall  be 
supplied  with  an  instrument  rack,  a  built-indesk,  clothes  lockers, 
supply  cabinet  with  lock,  bench  and  such  other  appurtances  as  may  be 
required  by  the  contracting  officer.  The  buildings  may  be  of  any 
type  construction  as  approved  by  the  contracting  officer  and  shall  be 
movable,  as  the  contracting  officer  may  require  them  to  be  shifted 
during  progress  of  the  work.  They  shall  be  reasonably  weather  proof, 
and  shall  be  supplied  with  heat  and  electric  lights  without  -cost  to 
the  Government. 

(f)  It  is  understood  that  any  instructions,  or  decisions 
given  by  a  superior  officer,  through  the  contracting  officer,  are  to 
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be  consid3red  instructions  or  decisions  of  the  contracting  officer, 
in  all  cases  where,  under  the  terms  of  this  contract,  decision  rests 
with  the  contracting  officer, 

1-26.  LINES,  GRADES  AND  iffiASURWUiOTS . 

(a)  The  work  shall  be  carried  out  in  strict  accordance 
with  lines,  grades,  and  dimensions  shown  on  t he  drawings  or  as 
directed  frcm  time  to  time  by  the  contracting  officer. 

(b)  The  contractor  shall,  at  his  own  expense,  furnish  all 
stakes,  templates,  patterns,  platforms  and  special  labor  that  may  be 
required  in  setting  and  cutting,  or  laying  out  any  part  of  the  woik, 

(c)  The  contracting  officer  will  furnish  the  control  points, 
lines,  grades,  and  elevations  necessary  to  enable  the  contractor  to 
perfonn  the  construction  work.  After  this  layout  has  been  made 

by  the  contracting  officer,  it  shall  be  the  responsibility  of  tne 
contractor  to  supply  and  maintain  all  additional  survey  points, grade 
stakes,  form  locations  and  other  work  lines  necessary  for  the  proper 
execution  and  conduct  of  the  work.  From  time  to  time  during  the 
progress  of  the  work,  the  contracting  officer  will  check  the  con- 
tractor's lines  and  grades  to  detennine  whether  or  not  the  work  is 
being  accurately  and  properly  executed,  but  such  checks  will  in  no 
way  relieve  the  contractor  of  the  responsibility  for  executing  the 
work  in  accordance  with  the  plans  and  specifications,  and  the  field 
layout  furnished  by  the  contracting  officer, 

(d)  Bench  marks,  triangulation  stations,  and  principal 
control  points  shall  be  preserved  by  the  contractor  and  in  case 

of  their  destruction  or  removal  by  him  or  his  employees,  they  will 
be  replaced  by  the  contracting  officer  at  the  contractor's  expense, 

1-27.  CHAISES  AT©  CHANGED  CONDITIONS.  -  When  changes  are  made 
in  the  specifications  or  drawings,  or  changed  conditons  are  en- 
countered during  the  progress  of  the  work,  which  cause  an  increase 
or  decrease  in  the  amount  due  under  the  contract,  or  in  the  time 
required  for  its  performance,  an  equitable  adjustment  shall  be 
made  in  accordance  with  Articles  3  ^^^  H-   of  ^he  contract, 

1-28,  MINOR  MODIFICATIONS,  -  The  right  is  reserved  to  make  such 
minor  changes  in  the  execution  of  the  work  to  be  done  under  these 
specifications  as,  in  the  judgnent  of  the  contracting  officer,  may 
be  necessary  or  expedient  to  carry  out  the  intent  of  the  contract; 
provided,  that  the  unit  cost  to  the  contractor  of  doing  the  work 
shall  not  be  increased  thereby,  and  no  increase  in  unit  price  over 
the  contract  rate  will  pe  paid  to  the  contractor  on  account  of  such 
changes.  (See  Articles  3»  kt   and  3  of  the  contract,) 

1-29,  CLAIMS,  PROTESTS  AND  APPEALS, 

(a)  If  the  contractor  considers  any  woik  demanded  of  him  to  be 
outside  the  requirements  of  the  contract  or  if  he  considers  any  action 
or  ruling  of  the  contracting  officer  or  of  the  inspectors  to  be  unfair, 
the  contractor  shall  without  undue  delay,  upon  such  demand,  action,  or 
ruling,  submit  his  protest  thereto  in  writing  to  the  contracting 
officer,  stating  clearly  and  in  detail  the  basis  of  his  objections. 
The  contracting  officer  shall  thereupon  promptly  investigate  the  com- 
plaint and  furnish  the  contractor  his  decision, 
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in  writing,  thereon.  If  the  contractor  is  not  satisfied  with  the 
decision  of  the  contracting  officer,  he  may,  within  thirty  days,  appeal 
in  writing  to  the  Secretary  of  War,  whose  decision  or  that  of  his  duly 
authorized  representative  shall  be  final  and  binding  upon  the  parties 
to  the  contract.  Except  for  such  protests  or  objections  as  are  made  of 
record  in  the  manner  herein  specified  and  vathin  the  time  limit  stated, 
the  records,  rulings,  instructions  or  decisions  of  the  contracting 
officer  shall  be  final  and  conclusive, 

(b)  All  appeals  from  decisions  of  the  contracting  officer 
authorized  under  the  contract  shall  be  addressed  to  the  Secretary  of 
War,  Washington,  D.  C.  The  appeal  shall  contain  all  the  facts  or 
circumstances  upon  which  the  contractor  bases  his  claim  for  relief 
and  should  be  presented  to  the  contracting  officer  for  transmittal 
within  the  time  provided  therefor  in  the  contract. 

1-30.  PATENTS.  -  The  contractor  shall  hold  and  save  the 
Government,  its  officers,  agents,  servants  and  employees,  harmless 
from  liability  of  any  nature  or  kind,  including  costs  and  expenses  for 
or  on  account  of  any  patented  or  unpatented  invention,  article  or 
appliance  manufactured  or  used  in  the  performance  of  this  contract, 
including  its  use  by  the  Government. 

1-31.  STANDARD  TESTS,  (QUALITY  AND  GUARANTEES. 

(a)  All  materials  furnished  by  the  contractor,  supplies  and 
parts,  and  assemblies  thereof,  entering  into  the  work  to  be  done  under 
these  specifications,  shall  be  tested  as  specified  herein,  or  if  not 
specified,  in  conformity  with  Article  6  of  the  contract  and  according 
to  the  best  modem  approved  methods  for  the  particular  type  and  class 
of  work. 

(b)  Unless  otherwise  authorized  or  directed,  where  standard 
published  specifications  of  recognized  authorities  or  organizations  are 
specified,  the  latest  revision  of  such  specifications  current  at  the 
time  the  work  is  executed  shall  govern. 

(c)  unless  waived  in  writing  by  the  contracting  officer, 
all  testa  and  trials  shall  be  made  in  the  presence  of  a  duly 
authorized  representative  of  the  contracting  officer.  When  the 
presence  of  the  inspector  is  so  waived,  sworn  statements,  in  trip- 
licate, of  the  tests  made  and  the  results  thereof,  shall  be  furnished 
the  contracting  officer  by  the  contractor  as  soon  as  possible  after 
the  tests  are  made, 

(d)  All  costs  of  all  tests  and  trials,  excepting  the 
expenses  o:'  the  Government  inspectors,  shall  be  borne  by  the  con- 
tractor aid  shall  be  included  in  the  contract  price,  unless  specified 

otherwise. 

(e)  In  accordance  with  Article  7  of  the  contract,  all 
materials,  supplies  and  a,rticles  furnished  and  incorporated  in  the 
peimanent  structure  shall  be  of  the  highest  grade,  free  frcan  defects 
and  imperfections,  of  recent  manufacture,  and  unused.  Workmanship 
shall  be  of  the  highest  grade  and  in  accordance  with  best  modem 
standard  practice. 

(f)  All  articles,  supplies,  equipment,  parts  and  as- 
semblies thereof,  of  standard  manufacture,  or  for  which  detail 
design  or  requirements  are  not  prescribed  in  these  specifications 
shall  be  guaranteed  by  the  contractor  against  any  failure  in  proper 
use  or  operation,  caused  by  defective  material,  workmanship  or 
design,  for  a  period  of  one  year  from  the  date  of  final  acceptance 
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of  the  complete  work  under  this  contract.  Failure  in  any  part  due 
to  such  causes ''i "thin  that  time  shall  be  promptly  and  satisfactorily 
remedied  by  the  contractor  without  cost  to  the  United  States* 

1-32.  PROTECTION  OF  STORED  MATERIALS.  -  All  materials,   supplies 
and  articles  delivered  at  the  site  shall  be  adequately  housed  or 
otherwise  protected  against  deterioration  and  damage  to  the  satis- 
faction of  the  contracting  officer.  When  material  stored  at  the 
site  and  partly  paid  for  is  not  adequately  protected  by  the  con- 
tractor, such  material  will  be  kept  protected  by  the  contracting 
officer  at  the  expense  of  the  contractor,  and  no  partial  payments 
will  be  made  upon  future  delivery  of  the  articles  or  commodities 
in  question, 

1-33.  MISPLACED  MATERIAL,  -  Any  material  that  is  deposited 
elsewhere  than  place  designated  or  approved  by  the  contracting 
officer  will  not  be  paid  for,  and  the  contractor  may  be  required 
to  remove  such  material  and  waste  it  or  redoposit  it  as  directed, 

1-34.  STANDARD  STXK  PRODUCTS. 

(a)  All  materials,  supplies  and  articles  furnished  shall, 
wherever  so  specified,  and  otherwise  wherever  practicable,  be  che 
standard  stock  products  of  recognized  reputable  manufacturers.  The 
standard  stock  products  of  manufacturers  other  than  those  specified 
will  be  accepted  when  it  is  proved  to  the  satisfaction  of  the 
concracting  officer  that  they  are  equal  in  strength,  durability, 
usefulness  and  convenience  for  the  purpose  intended  (see  Article 

7  of  the  contract).  Any  changes  required  in  the  details  and 
dimensions  shown  on  the  drawings  for  the  substitution  of  standard 
stock  products,  other  than  those  provided  for,  shall  be  properly  made 
as  approved  by  the  contracting  officer,  and  at  the  expense  of  the 
contractor.  The  references  herein  to  brands  and  catalog  numbers 
are  intended  to  be  descriptive  and  not  restrictive,  and  are  used  only  ■ 
to  indicate  articles  that  will  be  satisfactory.  Other  makes  and 
catalog  numbers  will  be  accepted  provided  that  they  are  similar  and 
equal  to  those  specified  herein  or  called  for  on  the  drawings, 

(b)  Data  to  be  Submitted  for  Approval,  In  accordance 
with  Article  7  of  the  contract,  prior  to  the  placing  of  any  purchase 
order  for  products  of  standard  manufacture,  and  sufficiently  in 
advance  of  the  proposed  purchase  date  to  enable  the  contracting 
office  to  deteirrriine  whether  the  proposed  product  conforms  to  the 
specifications,  the  contractor  shall  submit  for  the  approval  of 

the  contracting  officer  complete  descriptive  data  in  triplicate, 
consisting  of  dimensioned  drawings,  catalog  references  and 
specifications,  typical  performance  records,  and  such  other  infor- 
mation as  may  be  required  to  be  submitted  on  special  forms  to  be 
furnished  by  the  contracting  officer  to  identify  clearly  each 
product  in  question.  The  term  "or  equal"  shall  not  be  used  in  any 
descriptive  information  furnished.  Except  at  the  contractor's  risk, 
no  purchse  order  shall  be  placed  for  any  product  which  has  not  been 
approved  by  the  contracting  officer, 

(c)  Final  Completion  Data,  -  There  shall  be  supplied  5 
ccmplete  sets  of  data,  each  separately  bound  in  a  leather  binder, 
for  each  major  item  of  equipment  furnished  and  installed  under  this 
contract.  These  data  shall  consist  of  all  necessary   instruction 
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Platinum 

Nickel 

Chromium 

Rubber 

Coric 

Teak  Wood 

Jute 

Silk 

Baurigum 

Sisal 

Lac 

Tin 

Asphalt 

Alumi  n'om 

bulletins,  complete  drawings,  complete  parts  and  material  lists 
positively  identifying  each  part,  manufacturer's  recommendation  as 
to  spare  parts,  and  all  other  necessaiy  data. 

1-35,  PREFERENCE  FOR  DCMESTIC  ARTICUSS. 

(a)  With  reference  to  article  18  of  the  contract,  because 
the  materials  listed  below,  or  the  materials  from  which  they  are 
manufactured,  are  not  mined,  produced,  or  manufactured,  as  the  case 
may  be,  in  the  United  States  in  sufficient  and  reasonably  available 
commercial  quantities  and  of  a  satisfactory  quality,  their  use  in 
the  work  herein  specified  is  authorized  without  regard  to  the  country 
of  origin: 

Asbestos 

China  Wood  Oil  (Tung   Oil) 

Balsa  Wood 

English  Ball  Clay 

English  China  Clay 

Natural  Copper-Nickel 

Alloy 
Diamonds 

(b)  Articles,  materials  or  supplies  manufactured  in  the 
United  States  and  containing  mercury,  antimony,  tungsten  or  mica 
of  foreign  origin  may  be  used  in  the  work  herein  specified  because 
such  manufactured  articles,  materials,  or  supplies  have  been  manu- 
factured in  the  United  States  substantially  all  from  articles, 
materials,  or  supplies,  mined,  produced  or  manufactured,  as  the 
case  may  be,  in  the  United  States, 

1-36,  INTERFERENCE  WITH  OTHER  CONTRACTORS.  -  Other  contractors 
wi^l  perform  work  on  the  Long  Sault  Dam  pertaining  to  installing 
and  placing  electrical  and  operating  equipment.  In  addition  other 
major  work  will  be  undertaken  in  the  vicinity  of  the  dam  at 
approximately  the  same  time,  such  as  the  Massena  Canal  Intake  Works, 
Long  Sault  Canal,  locks,  and  powerhouses.  The  contractor  shall  not 
interfere  with  materials,  appliances  or  workmen  of  the  United  States 
or  of  any  other  contractor  who  may  have  work  at  this  site.  As  far  as 
practicable,  all  contractors  shall  have  equal  rights  to  the  use  of 
all  roads,  grounds,  and  adjacent  river,  and  make  equitable  agreements 
among  themselves  for  the  use  of  temporary  railroads  and  highways.  In 
case  of  disagreement  regarding  such  use,  the  decision  of  the  con- 
tracting officer  shall  govern.  (See  Article  I3  of  the  contract.) 

1-37.  RESTORATION  OF  SITE.  -  Before  final  payment  is  made, 
the  contractor  shall  remove  from  the  site,  without  expense  to  the 
United  States,  all  rubbish  and  unused  materials  provided  by  him, 
temporary  buildings,  cofferdams  and  other  structures  erected  by  him, 
shall  fill  all  holes  or  cavities  made  for  his  convenience,  except  as 
otherwise  provided,  and  shall  leave  the  whole  site  in  good  order 
and  condition,  all  as  required  by  the  contracting  officer. 

1-38.  WAGE  AND  LABOR  PROVISIONS. 

(a)  Pursuant  to  the  Provisions  of  Article  1?  of  revised 
United  States  Standard  Form  No.  23  the  following  wage  rates  have 
been  determined  by  the  Department  of  Labor: 
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SCHEDULE  OF  "J^AGE  RAPES 


Classification 

Blacksmi  th 

Blacksmith  Helper 

Boilermaker 

Boilermaker  Helper 

Bricklayer 

Bricklayer  Tender 

Carpenter  (Skilled) 

Carpenter,  Apprentice,  1st  year 

Carpenter,  Apprentice,  2nd  year 

Carpenter,  Apprentice,  3^  year 

Concrete  Finisher  (Rough  concrete) 

Concrete  Form  Stripper 

Concreteman  (Puddler,  Screeder,  Vibratorman 
&  Curing) 

Conveyor  Tender 

Dumpman  (Spotter  &  Grademan) 

Electrician 

Electrician  Helper 

Engine-nan  (Stationary  Power  plants) 

Fireman 

Glazier 

Hooktender  (Concrete  Placement) 

Laborer  (Common) 

Machinist 

Machinist  Helper 

Mason  (Stone) 

Mechanic 

Mechanic  Helper 

Millwright 

Motorman  (Dinky) 

Oiler 

Operators  of  Power  Equipment: 

Air  Compressor  (over  750  c.f.m.) 

Air  Compressor  (over  c.f.m,  and  under) 

Air  Haii]iaer(  Jackhammer,  Pavement  Breaker,  etc.) 

Cement  Pump 

Concrete  Batching  Plant 

Concrete  Mixer 

Concrete  Pump 

Core  Drill 

Crane  (except  Gantry  Crane) 

DeiTick 

Dragline 

Elevating  Grader 

Gantry  Crane 

Grader  (Finish) 

Grader  (Rough) 

Grout  Machine 

Hoist 

Launch  Operator  (150  H»P.  or  under) 

Pile  Driver 

Power  Saw 

Power  Scraper 


Minumum  Rate  per  Hour 
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SCHEDULE  OF  WAGE  RATES  (CONTINUED) 

Classification  MinimTim  Rate  per  Hour 

Pump  (100  H«P«  or  over) 

Pump  (under  100  H.P.) 

Screening  Plant 

Shovel 

Tractor  (under  35  H.P.  without  attachments) 

Tractor  (35  H.P«  and  over,  and  all  tractors 

with  attachments) 
Painter 
Pile  Drivermen,  Leadsmen,  Linesmen, 

Nozzlemen,  Winchmen 
Pipe  Fitter 
Pipe  Fitter  Helper 
Plasterer 
Plasterei  Tender 
Plumber 
Plumber  Helper 
Powdeiman 
Powderman  Helper 
Reinforcing  Steel  Worker 
Rigger 
Roofer 

Sheetmetal  Worker 

Signalman,  Concrete  Placement  (phone  man) 
Structural  Steel  Woiicer 
Structujral  Steel  Worker  Helper 
Teamster  (2  up) 
Teamster  (4  ^P  or  more) 
Tool  Dresser 

Truck  Driver  (under  4  tons) 
Truck  Driver  (4  tons  to  10  tons) 
Truck  Driver  (  over  10  tons) 
Welder  (Certified  -  structural  steel) 
Welder  (Certified  -  other  than  structural  steel) 
Welder's  Helper 

(b)  Each  class  of  laborer  and  mechanic  specified  in  the 
above  schedule  shall  receive  not  less  than  the  minimum  rate  of 
wages  speified  therein,  except  that  deductions  from  wages  paid  may 
be  made  as  required  by  any  laws  now  or  hereinafter  in  force,  in  the 
state  in  which  this  project  is  situated,  calling  for  contributions  by 
employees  from  earnings  to  funds  maintained  in  the  administrations  of 
an  unemployment  compensation  law  under  the  Social  Security  Act.  In  the 
event  that  it  becomes  necessary  to  employ  aiiy  laborer  or  mechanic  whose 
work  is  not  covered  by  any  of  the'  classifications  in  said  schedule,  he 
shall  be  paid  not  less  than  the  prevailing  rate  of  wages  for  the  class 
of  work  done  by  him.  Such  rate  shall  be  predetermined  ty  the  contract- 
ing officer.  In  case  any  dispute  arises  as  to  what  are  the  prevailing 
rates  of  wages  for  work  of  a  similar  nature  which  cannot  be  adjusted 
by  the  contracting  officer,  the  matter  shall  be  referred  to  the  Secre- 
tary of  Labor  for  determination  and  his  decision  thereon  shall  be  con- 
clusive on  all  parties  hereto. 
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(c)  •  ThB  oontractor  will  be  required  to  furnish  indentifica- 
tion  badges  for  all  his  employees.  These  badges  will  show  the  employee  s 
photograph,  printed  name,  and  signature,  and  will  be  of  a  design  ap- 
proved by  the  contracting  officer, 

(d)  The  contractor,  in  performing  the  work  required  by 
this  contract,  shall  not  discriminate  against  any  worker  because  of 
race,  creed,  color,  or  national  origin. 

(e)  The  contractor  agrees  that  the  provisions  of  para- 
graph (d)  above  will  also  be  inserted  in  all  of  his  subcontracts. 
For  the  purpose  of  this  article,  a  subcontract  is  defined  as  any 
contract  entered  into  by  the  contractor  with  any  individual,  partner- 
ship, association,  corporation,  estate,  or  trust,  or  other  business 
enterprise  or  legal  entity,  which  involves  perfomiance,  wholly  or  in 
part  at  the  site  of  the  work,  of  some  part  of  the  work  to  be  performed 
under  this  contract. 

1-39.  REPORTS  TO  DEPARn.iENr  OF  LABOR.  -  The  contractor  will  re- 
port monthly,  and  will  cause  all  subcontractors  to  report  in  like 
manner,  within  five  days  after  the  close  of  each  calendar  month,  on 
fonns  to  be  furnished  by  the  Department  of  Labor,  the  number  of 
persons  on  their  respective  payrolls,  the  aggregate  amount  of  such 
payrolls,  the  man  hours  worked,  and  the  total  expenditures  for 
materials.  ^  shall  furnish  to  the  Department  of  Labor  the  names 
and  addresses  of  all  subcontractors  on  the  work  at  the  eailiest 
date  practicable,  provided  that  the  foregoing  shall  be  applicable 
only  to  work  at  the  site  of  the  constraction  project.  Copies  of  all 
data  furnished  the  Department  of  Labor  shall  be  promptly  furnished 
the  contracting  officer. 

1-40.  II'IVOICES.  -  The  contractor  shall  furnish  the  contracting 
officer  with  copies  of  all  invoices  for  thv.  purchase  of  materials, 
supplies  and  plant  in  connection  with  the  work  to  be  performed  under 
these  specifications.  The  contractor's  records  shall  be  subject  to 
inspection  by  the  contracting  officer  to  verify  the  accuracy  and 
completeness  of  the  information  furnished. 

1-41.  COST  DATA.  -  The  Government  will  keep  a  record  of  the 
costs  of  the  work  performed  under  these  specifications  and  the 
contractor  shall  peimit  the  contracting  officer  to  have  access  to 
his  timekeeping,  invoices  and  plant  records  for  this  purpose.  The 
contractor  shall  also  furnish  the  contracting  officer  with  a  state- 
ment of  the  initial  cost  and  date  of  purchase  of  all  plant  used  in 
connection  with  the  work, 

1-42.  ADJUSTI.ffiM'  OF  CONTRACT  PRICE  BY  REASON  OF  CHANGE  IN 
FEDERAL,  STATE  OR  LOCAL  TAXES,  -  The  contract  price  will  be  con- 
sidered to  include  all  Federal,  State  and  local  taxes  imposed  prior 
to  the  date  of  opening  bids  and  applicable  to  the  undertaking.  If 
any  privileges,  sales,  gross  receipts  or  other  tax  (exclusive  of 
taxes  on  net  income  or  undistributed  profits),  applicable  to  the 
undertaking  and  payable  directly  by  the  contractor,  is  imposed  or 
changed  after  the  date  of  opening  bids  by  Federal  or  State  enactment, 
then  the  contract  price  will  be  increased  or  decreased  accordingly  and 
any  amount  due  or  chargeable  eigainst  the  contractor  as  a  result  thereof 
will  be  adjusted  on  payment  vouchers  as  separate  items. 
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1-43 •  SUBCONTRACTORS.  -  Subcontractors  and  their  employees  shall 
be  considered  to  be  employees  of  the  contractor  as  the  tenn  "employee" 
is  used  in  these  specifications, 

1-44.  SITE  OF  WOHC,  -  The  term  "Site  of  the  Woric" ,  as  used  in 
these  specifications  and  in  Articles  1?  and  19  of  the  contract,  will 
embrace  all  areas  wherein  field  operations  are  conducted  by  the  con- 
tractor in  connection  with  this  contract,  including  work  areas,  shops, 
yards,  can^s,  etc.,  irrespective  of  whether  such  operating  areas  lie 
within  the  limits  of  work  areas  or  rights-of-way  shown  on  the  drawings. 

1-45-  ASSIGNMENT  OF  CLABIS.  -  The  Act  of  October  9,  I940  (Public 
No^  811,  76th  Congress)  provides  that  Sections  3477  and  3737»  Revised 
Statutes,  shall  not  apply  to  any  case  in  which  the  moneys  due  or  to 
become  due  from  the  Unites  States,  under  a  contract  providing  for  pay- 
ments aggregating  $1,000  or  more,  are  assigned  to  a  baxdc,  trust  company, 
or  other  financing  institution,  including  any  Federal  lending  agency* 
^  assignment  may  be  made  under  this  contract,  pursuant  to  the  Act  of 
October  9t  1940 t  cited  above,  and  subject  to  the  further  provision 
stated  below: 

(a)  Jny  assignment  shall  cover  all  amounts  payable  under 
this  contract  and  not  already  paid  and  shall  not  be  made  to  more 
than  one  party,  except  that  amy  such  assignment  may  be  made  to  one 
party  as  agent  or  trustee  for  two  or  more  parties  participating 

in  such  financing* 

(b)  Any  claim  undor  this  contract  which  may  be  assigned 
may  be  subject  to  further  assignment  to  a  bank,  trust  company,  or 
other  financing  institution,  including  any  Federal  lending  agency, 
and  to  similar  further  assignment;  provided;  that  any  such  assignee 
shall  file  written  notice  of  the  further  assignment  together  with 

a  true  copy  of  the  instrument  of  further  assignment  with  the  con- 
tractor and  also  as  provided  in  proviso  4  of  section  1  of  the 
Assignment  of  Claims  Act  of  I940  (Public  No.  811,  76th  Congress) 
in  respect  of  original  assignment • 

(c)  No  assignee  shall  divulge  any  information  concerning 
the  contract,  or  contained  therein,  except  to  those  persons  nec- 
essarily concerned  with  the  transaction. 

(d)  Payments  to  an  assignee  of  any  claim  arising  under 
this  contract  shall  not  be  subject  to  reduction  or  set  off  for  any 
indebtedness  of  the  assignor  to  the  United  States  arising  independ- 
ently of  this  contract* 

1-46,  ADJUSTMENT  OF  PRICES  FOR  LABOR  AND  MATERIALS. 

(a)  The  following  terms  used  hereafter  are  defined  as  follows » 
(1)  "Basic  hourly  earnings  index"  shall  be  determined  by 

adding  monthly  average  hourly  earnings  in  the  " "  industry  as 

indicated  under  heading  ■ "  in  the  monthly 

panphlet  "Hourly  Wages  and  Labor  Employment"  issued  by  the  Department 
of  Labor  fort  the  month  in  which  contract  time  commences,  the  five 
(5)  months  preceding  such  month,  and  the  six  (6)  months  succeeding  such 
month;  and  then  dividing  this  total  by  twelve  (12)» 

(2)  "B^ic  materials  index"  shall  be  determined  by  method 

in  (1)  above,  using  monthly  indices  for  item  " _"  in 

the  monthly  pamphlet  "Wholesale  Prices"  issued  by  the  Department  of 
Labor. 

(3)  "Monthly  labor  adjustment  index"  shall  be  determined 
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from  monthly  average  hourly  earnings  identified  as  to  source  in  (1) 
above  as  follows:  Add  the  average  hourly  earnings  for  the  month  for 
which  adjustment  is  being  made,  the  two  preceding  months  and  the  two 
succeeding  months;  and  then  divide  this  total  by  five  (5)« 

(4)  "Monthly  materials  adjustment  index"  shall  be  deter- 
mine by  method  in  (3)  above,  using  monthly  indices  identified  as  to 
source  in  (2)  above, 

(5)  Above  contract  indices  in  (1),  (2),  (3)t  and  (4)  shall 
be  computed  to  nearest  second  decroal  place,  t  aking  the  decimal  point  as 
located  in  indices  issued  by  the  Department  of  Labor.  When  third  deci- 
mal place  computes  to  5  or   over,  the  figure  in  second  decimal  place  shall 

be  raised  to  next  higher  figure, 

(b)  (1)  T:ie  proportion  of  the  contract  price  represented  by 

labor,  subject  to  adjustment  in  price,  is  accepted  as 

per  cent  of  the  contract  price, 

(2)  The  proportion  of  the  contract  price  represented  by 

materials,  subject  to  adjustment  in  price,  is  accepted  as  

per  cent  of  the  contract  price, 

(c)  (1)  The  labor  cost  for  entire  contract  as  deter^iined  in 
(b)  (1)  above  shall  within  thirty  (30)  days  after  receipt  of  notice  to 
proceed,  be  divided  into  monthly  labor  cost  quotas,  prepared  by  the  con- 
tractor and  subject  to  the  approval  of  the  contracting  officer,  for  each 

partial  or  whole  calendar  month  of  the  contract  time  beginning  with  the 
notice  to  proceed, 

(2)  The  materials  cost  for  entire  contract  as  determined 
in  (b)  (2)  above  shall  be  similarly  divided  into  monthly  materials  cost 
quotas  within  thirty  (30)  days  after  receipt  of  notice  to  proceed, 

(d)  Adjustments  in  payments  shall  be  obtained  for  each  monthly 
cost  quota  as  follov;s:-  Multiply  monthly  cost  quota  by  the  appropriate 
monthly  adjustment  index,  divide  by  corresponding  basic  index,  and  sub- 
tract monthly  cost  quota.  The  result  shall  be  added  to  or  deducted  from 
payments  to  the  contractor, 

(e)  (1)  If  the  time  for  performance  of  this  contract  is  legally 
extended  by  the  contracting  officer,  there  shall  be  immediately  set  up  by 
the  contractor,  subject  to  the  approval  by  the  contracting  officer,  new 
monthly  cost  quotas  as  necessary.  These  new  monthly  cost  quotas  may  ex- 
tend lacK  as  far  as  any  month  for  which  adjustments  in  pa;,Tnents  have  not 

been  completed,  but  the  total  of  the  new  quotas  shall  not  exceed  the  total 
of  the  old  quotas  for  which  adjustment  in  payments  have  not  been  com- 
pleted, 

(2)  If  there  is  an  increase  or  decrease  in  the  work  crigin- 
eilly  contemjlated  under  this  contract,  there  shall  be  immediately  set  up 

by  the  contractor,  subject  tc  the  a^.proval  of  the  contracting  officer,  new 
monthlj'-  costs  quotas  for  months  concerned, 

(3)  If  liquidated  damages  are  assessed  against  the  contrac- 
tor under  the  contract,  such  liquidated  damages  shall  not  be  considered  in 
making  adjustments, 

(f)  The  adjustment  payraent  or  deduction  for  any  one  month  shall 
normally  be  included  with  next  partial  contract  pajnient  after  receipt  of 
Department  of  Labor  indices  for  such  month, 

(g)  The  acceptance  and  final  pajinent  for  work  and/ or  "laterials 
under  this  contract  shall  be  carried  out  as  elsewhere  provided  in  this 
contract,  and  amounts  retained  for  the  protection  of  the  Government  during 
construction  shall  be  promptly  paid  upon  final  acceptance  :  Provided,  how- 
ever, that  an  amount,  as  determined  by  the  contracting  ofiicer,  for  pro- 
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tection  of  the  Govenment  in  adjustments  not  yet  completed,  shall  be  re- 
tained; and,  provided  further,  that  the  release  required  by  


will  contain  provision  excepting  such  adjustment  payments 


as  may  become  due  the  contractor. 

(h)  After  final  payment  for  basic  contractual  price  as  indicated 
in  paragraph  (g)  above  has  been  made,  adjustments  becoming  due  will  be 
delayed  until  all  indices  necessary  for  completion  of  all  adjustments 
under  the  contract  are  available,  when  one  lump  payment  or  deduction  shall 
be  made  for  such  adjustments, 

(i)  In  case  the  final  adjustment  in  the  contract  price  results 
in  a  net  deduction  from  the  contract  price,  the  contrator  and  his  sure- 
ties shall  be  liable  for  the  amount  thereof  until  it  is  refunded  to  the 
Government • 

(j)  When  pa3mient  obligations  under  the  contract  exceed  the  con- 
tract price  as  a  result  of  increases  in  labor  and/or  materials  costs  to 
the  extent  that  available  appropriations  are  exhausted,  the  Government 
reserves  the  right,  without  further  liability  to  suspend  further  woife  under 
the  contract  for  the  account  of  the  Government  or  to  terminate  the  contract 
on  payment  of  contractual  obligations  incurred  up  to  the  point  of  termina- 
tion. 

1-47.  FIMAL  EXAZvlimTION  AI^  ACCEPTAMJE.  -  When  all  work  called 
for  under  this  contract  has  been  completed,  the  contracting  officer 
will  make  a  thorough  examination  of  the  same,  and,  if  it  is  found  to 
comply  fully  with  the  requirements  of  the  contract,  it  will  be 
accepted  and  final  payment  will  be  made  in  accordance  with  the  pro- 
visions of  Article  l6d  of  the  contract. 

1-48.  APPROVAL.  -  This  contract  shall  be  subject  to  the  written 
approval  of  the  proper  authorities  to  be  designated  later  and  will 
not  be  binding  until  so  approved. 
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Specif ioatloQs:  Long  Sault  Dam 

SECTION  II  -  DIVERSION  AND  CARE  OP  THE  RIVER 
2-01.   WORK  TO  BE  XNE. 

(a)  The  work  iaoluded  under  this  section  covers  all  required 
work  in  connection  with  the  handling  of  water  during  the  entire  construction 
period  of  the  dam  and  appurtenant  works.   The  principal  items  of  work  which 
are  included  are  as  follows: 

(1)  Diversion  of  the  river  during  the  construction  period, 
including  excavation  and  maintenance  of  diversion  channels,  and  filling  and 
removing  the  Massena  Power  Canal  diversion  weir. 

^2/  Construction!  maintenance,  and  removal  of  cofferdams  and 
other  protective  structures,  including  diversion  gates  and  operation  of  such 
gates  as  specified  in  paragraph  2-14« 

(3)   Unwatering  and  maintaining  working  areas  free  from  water. 

(b)  Unless  otherwise  specified  or  authorized,  all  work  on  con- 
struction which  forms  a  part  of  the  permanent  structure  shall  be  done  in  areas 
free  from  water.   The  contractor  shall  construct  and  maintain  all  necessary 
cofferdams  and  diversion  structures,  and  shall  furnish  and  operate  all 
necessary  pumps  and  other  facilities  for  unwatering  and  maintaining  the  various 
areas  of  the  work  free  from  water  as  required  by  the  contracting  officer.   The 
contractor  shall,  on  completion  of  the  work,  remove  all  cofferdams,  equipment, 
and  temporary  construction  as  hereinafter  specified,  objectionable  debris 
shall  be  disposed  of,  and  the  work  area  shall  be  left  in  a  neat  and  sightly 
condition  to  the  satisfaction  of  the  contracting  officer. 

2-02.   GENERAL. 

(a)  Scope  of  Work.  -  The  contractor  shall  be  responsible  for  the 
furnishing  of  all  materials  except  as  specified  herein  (see  also  paragraph 
1-10),  equipment,  and  labor  for  properly  constructing,  handling,  placing, 
operating,  maintaining,  and  removing  of  all  items  included  in  the  work;  ana 
for  the  adequacy  and  safety  of  such  items  except  as  specified  herein.   The 
price  bid  for  each  item  of  work  shall  include  all  the  above  enumerated  factors 
except  as  specifically  stated  in  these  specifications. 

(b)  Materials  furnished  by  the  Government.-  Cofferdam  materials 
and  equipment  to  be  furnished  by  the  Government  are  timbers  for  timber  cribs, 
and  the  necessary  drift  pins,  bolts,  washers,  and  tie  rods;  cement  and  concrete 
aggregates;  concrete  reinforcement;  diversion  gates,  tracks,  dogging  equip- 
ment, and  accessories  for  diversion  gates;  and  the  spillway  gantry  crane  No. 

1  for  operating  diversion  gates.   Borrow  areas  will  be  designated  on  the 
drawings  from  which  the  contractor  may  obtain  earth  fill,  (see  paragraphs 
1-16  and  3-02(b)). 

2-03.   RESPONSIBILITY  FOR  COFFERDASIS. 

(a)   The  Government  will  be  responsible  for  the  design  and  adequacy 
of  the  cofferdams  and  diversion  structures  of  the  scheme  specified  herein 
and  shown  on  the  drawings,  except  for  failure  or  damage  resulting  from 
negligence  on  the  part  of  the  contractor,  but  not  as  hereinafter 
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specified  (see  paragraph  2-04),  for  alternate  cofferdams  and/or  diver- 
sion sturctures  proposed  by  the  contractor.   In  the  event  of  failure 
cr  overtopping  of  the  cofferdams  or  diversion  structures,  the  contrac- 
tor shall  repair  any  damage,  including  cleanup  of  debris,  to  any  part 
of  the  temporary  facilities  or  permanent  construction;  and  he  shall  be 
paid  for  such  work  in  accordance  with  articles  3  and  4  of  the  contract 
and  the.  time  of  completion  shall  be  extended  by  an  amount  equal  to  the 
time  lest  as  determined  by  the  contracting  officer.   In  addition  to  the 
payment  specified  for  the  work  done,  he  shall  be  paid  a  lump  sum  of 
$15,000  as  compensation  for  extra  expenses  for  each  such  failure  or 
overtopping;  provided,  that  no  additional  such  uayment  shall  bo  made 
in  the  event  of  a  subsequent  failure  or  overtopping  prior  to  resumption 
of  work  after  a  failure  or  overtopping.  No  payment  will  be  made  for  damage 
to  the  contractor's  equipment  or  materials. 

(b)  In  the  event  that  it  appears  probable  that  the  cofferdam 
may  fail  or  be  overtopped,  the  contractor  may  be  required  to  flood  the 

cofferdam.   In  such  event  he  shall  be  paid  for  cleanup,  repairs,  and 
$15,000  for  extra  expense,  and  the  time  of  completion  shall  be  extended, 
all  as  herein  provided  for  failure  or  overtopping. 

(c)  The  contractor  shall  repair,  in  a  satisfactory  manner,  any 
damage  to  the  permanent  structure  caused  by  scour  of  ice  or  water;  and 

he  shall  be  paid  for  such  work  in  accordance  with  articles  3  and  4  of 
the  contract. 

(d)  Any  part  of  the  temporary  or  permanent  structures  which 
may  fail  or  be  damaged  due  to  negligence  on  the  part  of  the  contractor 
and  any  damage  resulting  therefrom  shall  be  repaired  or  replaced  by 
the  contractor  at  his  expense. 

2-04.   ALTERNATE  COFFERDAM  AMD/OR  DIVERSION  PUkNS. 

(a)  Bidders  may  submit  plans  for  cofferdams  and/or  diversion 
other  than  those  specified  but  such  alternate  cofferdams  must  have 
stability,  height,  watertightness,  and  working  space  within  the  coffer- 
dams at  least  equal  to  the  specified  plans;  and  the  diversion  plans  must  be 
adequate  to  allow  complete  regulation  of  the  river  as  required  to  pre- 
vent interference  with  other  functions. 

(b)  The  contractor  shall  assume  full  responsibility  for  the 
design,  safety,  and  adequacy  of  such  alternates,  except  for  overtopping 
where  the  cofferdams  are  constructed  to  the  heights  required  in  the  speci- 
fied plan,  and  no  payment  will  be  made  for  repairs  or  cleanup  resulting 
from  failure  of  such  alternate  cofferdams  nor  will  an  extension  of  time 

be  allowed  for  time  lost.  The  Government  will,  however,  assume  respon- 
sibility for  overtopping  provided  the  cofferdams  are  built  to  the  height 
required  for  the  specified  cofferdams  and  further  provided  that  any  earth 
or  rock  structure  is  built  to  an  elevation  not  less  than  4  feet  above  the 
elevation  specified  for  a  corresponding  crib  structure.   In  the  event  of 
overtopping  where  cofferdams  are  built  to  the  specified  elevations,  pay- 
ment will  be  made  and  extension  of  time  granted  as  provided  in  paragraph 
2-03  of  these  specifications. 
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2-05.   RIVER  REGULATION. 

(a)  General.  -  Throughout  the  canstruction  period  it  will  be 
necessary  to  regulate  the  diversion  and  constructicjn  in  such  manner  as  to 
maintain  satisfactory  navigation  conditions  and  also  to  maintain  satis- 
factory water  levels  at  tne  intake  of  tne  Massena  power  Canal.   The 
contractor  shall  regulate  his  ccnstruction  prograim  in  accordance  with 
the  regulation  as  described  and  specified  herein;  and  he  shall  not  re- 
ceive payment  or  extension  of  time  fcr  time  lost  due  to  such  regulation. 

(b)  Lock  21.  -  The  minimixm  water  surface  elevation  at  Lock  21 
required  to  maintain  l^-foot  navigation  through  the  lock  is  elevation  199* 
The  maximum  water  level  allowable  under  present  conditions  is  elevation 
205;  b^'t  "the  Government  will  raise  the  lock  and  dikes  to  elevation  210. 

A   curve  of  steige-discharge  relation  at  Lock  21  is  shown  on  sheet  5  of 
the  plans. 

(c)  Navi$:.3tion  in  the  vicinity  of  Lock  21  during  first  and 
second  staples.  -  Inasmuch  as  any  lowering  of  the  water  surface  at  Lock 
21,  below  the  normal  elevation  corresponding  to  a  given  discharge,  will 
increase  the  velocity  of  the  flow  upstream,  thus  interfering  with  navi- 
gation, it  will  bj  necessary  to  maintain  water  surface  elevations  at 
Lock  21  at  or  above  the  normal  during  the  navigation  season,  except  as 
modified  by  the  contracting  officer. 

(d)  Navigation  during  third  stage  (closure  of  dam).  -  Navi- 
gation in  the  ll\-    foot  Cornwall  Canal  will  continue  until  the  pool  is  to  be 
raised.  At  this  time  the  pool  will  be  raised  rapidly  from  elevation  209 

to  elevation  225,  °r  higher,  at  which  latter  elevation  14-foot  navi- 
gation can  use  the  completed  Long  Sault  Canal.   During  this  transition 
period  14-foot  navigation  would  be  suspended.  The  rate  at  which  the 
pool  can  be  raised  and  therefore  the  time  navigation  is  suspended  will 
be  limited  by  the  following  two  controlling  factors  other  than  the  work 
included  in  this  contract: 

(1)  The  permissible  reduction  in  river  flow  to  provide 
water  to  fill  the  pool  and 

(2)  The  time  required  to  make  closures  in  the  existing 
14-foot  canal  system. 

As  neither  of  these  factors  should  recmire  a  transition  period  of  more 
than  a  week,  the  contractor  shall  so  arrange  his  operations  that  the 
time  during  which  navigation  is  suspended  shall  not  be  increased  beyond 
the  above  period. 

(e)  Massena  intake.  _  ^  curve  showing  the  relation  between 
the  water  surface  elevation  above  the  Massena  Power  Canal  Diversion  Weir 
and  the  discharge  of  the  river  is  shown  on  sheet  5  of  the  plans.  It 
will  be  necessary  to  maintain  the  water  surface  elevations  at  the  Weir 
at  elevations  corresponding  to  present  Conditions  until  such  time  as 
construction  of  the  proposed  intake  structure  permits  higher  stages. 

2-06.   CONSTRUCTION  PR0GRA!i  AND  DIVERSION  PLAN. 

(a)  A  construction  program  and  diversion  plan,  which  pro- 
vides for  the  particular  requirements  for  the  care  of  the  river  during 
construction  has  been  prepared  as  described  herein.   Construction  of 
the  dam  shall  be  accomplished  in  two  sections,  as  shown  on  sheets 
10  to  14  of  the  plans;  and  shall  comprise  three  construction  stages 
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to  be  oompletod  in  the  following  order:   (l)   The  south  section  of  the  dam 
and  diversion  cuts  'C,  'P',  and  'G*.  (2)   The  north  section  of  the  dam  and  (3) 
closure  of  diversion  openings.   Diversion  during  each  of  these  construction 
stages  and  the  order  of  worlc  is  as  follows: 

(b)   First  Stage.  -  During  the  first  stage  the  main  flow  of  the 
river  will  be  continued  in  the  existing  Long  Sault  Island  Ifciin  Channel  and 
the  flow  of  the  Long  Sault  Island  South  Channel  Is  to  be  diverted  through 
out  'C.   Prior  to  oonstruotion  of  cofferdam  'A*,  the  Massena  Power  Canal 
Diversion  Weir  shall  be  closed  and  raised  sufficiently  to  permit  placing 
cofferdam  'A'  as  a  roolc  and  earth  fill,  and  cut  'C  shall  be  excavated. 
Upon  completion  of  oofferdeun  *A'  the  Massena  Weir  shall  be  restored  to 
approximately  its  original  condition.   Construction  of  the  south  section 
of  the  dam  with  the  exception  of  the  40-foot  diversion  openings  to  be  left 
at  elevations  I60,  l63»  and  165  in  spillway  bays  Bl  to  BI3  inclusive  as 
shown  on  sheet  No.  18  of  the  plans,  shall  be  completed  to  a  point  which 
will  enable  operation  of  the  gantry  crane  No.  1.   Prior  to  removal  of  the 
first  stage  cofferdams,  diversion  gates  shall  be  placed  in  each  of  the  I3 
diversion  openings  as  shown  on  Sheet  No.  28,  bulkheads  upstream  and  down- 
stream and  downstream  of  BI4  shall  be  constructed,  cut  'G'  shall  be  completed 
with  the  exception  of  a  plug  at  the  end  of  cofferdam  'A'  and  cut  'F'  shall 
be  completed  with  the  exception  of  a  plug  at  the  upstream  end. 

(o)   Transition  fr9m  First  Stage  to  Second  Stage.  -  On  the  com- 
pletion of  the  first  stage  construction  the  diversion  gates  shall  be  closed 
and  cofferdeuns.  'A'  and  'B*  removed.   A  plug  shall  be  placed  across  cut  'C , 
as  shown  on  sheet  12  of  the  plans  and  the  plug  of  cut  'F'  removed.   The 
Massena  Power  Canal  Diversion  Weir  shall  then  be  removed  and  cofferdam  'B' 
constructed,  followed  immediately  by  construction  of  cofferdam  'DD*.   During 
the  oonstruotion  of  cofferdan  'E't  ^^nd  subsequently  during  second  stage 
diversion,  the  diversion  gates  shall  be  operated,  as  directed  by  the  contracting 
officer,  to  maintain  required  water  surface  elevations  at  Lock  21  and  at  the 
Massena  Power  Canal  Intake. 

(d)  Second  Stage.  -  During  the  second  stage  the  flow  of  the  river 
will  be  diverted  through  out  'P'  and  the  Long  Sault  Island  South  Channel  and 
through  the  13  diversion  openings  left  in  the  first  stage  construction. 
Construction  of  the  north  section  of  the  dam  shall  be  completed  with  the 
exception  of  a  40-foot  diversion  opening  at  elevation  I90,  in  each  of  five 
spillway  bays,  BI6  to  B20  inclusive,  and  such  work  as  can  be  oarried  on 
during  the  third  stage.   These  opening?  shall  be  fitted  with  diversion  gates 
similar  to  those  in  the  first  stage  construction  as  shown  on  sheet  No.  28. 
Remove  cofferdams  'E',  'DU*,  and  'DD*  described  in  paragraph  2-09(d). 

(e)  Third  Stage  Closure*  -  The  closure  plan  shown  on  the  draw- 
ings and  described  in  detail  in  these  specifications  is  the  plan  recommend- 
ed by  the  Government.   The  diversion  ^tes  for  use  in  this  plan  will  be 
assembled  by  attaching  the  upper  section  of  a  permanent  spillway  gate  to  a 
full  height  spillway  gate  as  shown  on  sheet  No.  28.   These  diversion  gates 
shall  cljse  off  suooessive  groups  of  diversion  openings  permitting  placing 
of  concrete  while  the  rlrer  flow  is  diverted  through  the  remaining  diversion 
openings.   Success iye  step  by  step  moves  are  shown  in  the  Closure  Operation 
Schedule  on  sheet  28.   It  should  be  noted  that  moves  1  to  8  inclusive  are 
made  with  the  pool  held  to  olevation  209.O  or  below.   Moves  9>  10,  and  11  are 
made  with  the  pool  at  eleTatlon  226  to  permit  14-foot  navigation  through  Long 
Sault  Canal. 

For  a  normal  year  all  the  diversion  gates  may  be  closed  for  move  12. 
For  abnormal  years  it  may  be  neoeasary  to  leave  some  openings  in  addition  to 
the  completed  spillway  bays  to  maintain  the  water  surface 
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above  the  dam  to  en  elevation  below  the  top  of  the  diversion  gates.   During 
this  move  the  concrete  can  be  brought  up  by  successive  five-foot  lifts  to 
full  crest  elevation. 

The  closure  plan  has  been  developed  anticipating  a  normal  flow  in  the  river 
at  time  of  closure,  and  minimum  total  river  flow  of  about  228,000  c,  f,  s, 
can  therefore  be  handled  with  the  openings  provided.   If  higher  river  dis- 
charges are  anticipated  it  will  be  necessary  to  provide  additional  diversion 
openings  in  the  second  step  construction.   In  addition  to  the  18  diversion 
openings  provided,  sufficient  gates  will  be  made  available  for  a  maximum  of 
six  openings  to  be  left  at  elevation  I90  in  the  second  stage  construction  if 
it  is  anticipated  th^y  will  be  required.   Each  of  these  openings  at  ele- 
vation 190  would  pass  approximately  5,000  c.f.s.  as  a  minimum.   While  the 
contracting  officer  anticipates  t:  at  the  control  dam  at  Iroquois  point  will  be 
completed  and  in  operation  before  the  closure  of  the  Long  Sault  Dam  and 
can  be  used  to  control  the  river  flow,  it  must  be  understood  that  many 
factors  will  dictate  the  method  of  operation  of  the  Iroquois  Dam.   Dis- 
charges no  higher  than  exist  in  nature  will  be  passed  down  the  river 
during  the  closure  period.   Probably  the  river  flov?  can  be  reduced,  but  ac- 
curate prediction  of  the  amount  by  which  the  flow  can  be  reduc;ed  is  im- 
possible due  to  the  uncertainty  of  the  level  of  Lake  Ontario  and  lower 
river  conditions. 

2-07.   ALTERJJATE  CLOSURE  PLATJ.  -  The  contractor  may  subiiiit  his  own 
scheme  for  closure  which,  subject  to  the  apj^Toval  of  the  contracting 
officer,  he  ma^  adopt.   In  any  scheme  of  closure  wnich  the  contractor  may 
select,  the  permanent  facilities  such  as  gantry  crane  No.  1  and  the 
spillway  gates  will  be  made  available  for  his  use.   However,  the  contractor 
will  be  required  to  recondition  all  permanent  facilities  used  for  diversion 
purposes  as  specified  in  paragraph  2-14  of  these  specifications.   Certain 
design  requirements  peculiar  to  the  closure  scheme  selected  may  necessitate 
strengthening  or  modificaticn  of  the  concrete  structures.   If  the  selected 
and  ap_^roved  closure  scheme  necessitates  additional  material  and  labor 
not  required  in  the  Government  plan,  or  results  in  an  increased  cost  for 
modifications  or  strengthening  of  the  spillway  gates,  gantries,  or  other 
facilities  furnished  by  the  Goverrjnent,  the  contractor  will  be  required  tc 
furnish  at  h^s  own  cost  the  additional  material  and  labor,  or  in  ti.o  case 
of  materials  and  facilities  furnished  by  the  Government,  he  will  be  re- 
quired to  reimburse  the  Government  the  amount  of  such  increased  cost  in- 
cluding engineering  and  overhead.   The  intent  of  these  specif ic;:ti:  ns  is 
to  give  the  contractor  latitude  in  selecting  a  closure  scheme  lest  suited 
to  his  particular  construction  methods  and  still  furnish  without  addi- 
tional cost  to  ti.e  Government  a  satisfactory  completed  structure.   Regard- 
less of  the  plan  selected,  the  contractor  shall  be  required  to  notify  the 
contracting  officer  within  ^0   days  after  receipt  of  notice  to  proceed  what 
plan  he  proposes  tc  use  in  order  that  materials  furnished  by  the  Government 
may  be  available  when  required  (see  paragraph  1-10). 

2-03.   DIVEISION  EXCAVATION  PROGRALI. 

(a)   Pro~ra:n.  -  Excavation  of  cut  'C  shall  be  corapleted  prior 
tc  closure  of  cofferdam  'A'.   Excavation  of  cut  'G'  with  the  exception 
of  a. plug  at  the  end  of  cofferdam' A'  shall  be  completed  after  the  area 
within  cofferdams  'a'  and'B'  has  been  unwatered  and  prior  to  removal  of 
cofferdams  'A'  and  'E' .  The  plug  in  cut  'G'  at  the  end  of  cofferdam 
'A'  shall  be  excavated  at  the  time  of  the  removal  of  cofferdam  'A'. 
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Sxoavation  of  out  'P'  shall  b«  oarrlod  on  at  a  rate  to  insare  completion  by 
the  time  the  first  stage  construction  is  oompleted.   A  plug  shall  be  left 
in  the  upstream  end  of  out  'P'  which  shall  be  removed  prior  to  closure  of 
oofferdeun  'D'  after  removal  of  cofferdam  'A'  and  'B'.   The  plug  in  cut  'C 
shall  be  in  place  and  the  upstream  portion  of  cofferdam  *DU'  shall  be  built 
to  elevation  205  before  the  plug  in  out  'P'  is  removed. 

(b)   Diversion  Cuts  'C'.  'P'.  and  'Q'.  -  Diversion  outs  'C,  'P', 
and  'a*    shall  be  excavated  to  the  lines  and  grades  shown  on  the  plans.   The 
results  of  explorations  to  determine  the  character  of  the  materials  to  be 
found  are  shown  on  sheets  6  to  9  of  the  drawings,  but  the  Government  will 
in  no  way  be  responsible  for  the  deviation  of  the  material  from  the 
characteristics  shown  and  the  contractor  shall  be  responsible  for  investigat- 
ing the  conditions  for  the  purpose  of  making  his  bid  (see  paragraph  1-18). 
Excavation  for  diversion  cuts  shall  be  defined  as  follows: 

Excavation;  Diversion  CutSi  Rook  -  All  bedrock  required  to 
be  excavated  which,  in  the  opinion  of  th«  oontraoting  officer,  cannot  be 
removed  without  continuous  and  systematic  blasting,  and  all  boulders  and 
loose  rock  two  cubic  yards  in  volume  or  greater  will  be  classed  as  rock 
excavation. 

Excavation;  Diversion  Cuts,  Earth.  -  All  other  material  will 
be  classified  as  common  excavation,  including  boulders  emd  loose  rook  less 
than  two  cubic  yards  in  volume,   (see  paragraph  2-15(j)) 

2-09.   COFFERDAit  FROGRAif. 

(a)  The  proposed  cofferdam  layout  and  construction  details  are 
shown  on  sheets  10  to  18  of  the  plans.   In  general,  cofferdam  cribs  in 
locations  exposed  to  high  velocities  of  flow  shall  be  founded  on  rock  and 
protected  by  steel  sheet  piling;  while  cribs  not  so  exposed  shall  be  founded 
on  the  river  overburden  and  protected  by  impervious  earth  blankets  having  a 
toe  trench  extending  to  rock  or  impervious  materials  and  backfilled  with 
impervious  earth.   Cofferdam  'E',  which  is  exposed  to  higji  velocities  of 
flow  only  during  placement  and  closure,  is  founded  on  rock  and  the  whole 
protected  by  an  earth  blanket.   Earth  and  rock  embankments  and  shore  fills 
are  founded  on  river  overburden  and  provided  with  toe  trenches  as  above 
described  for  blanket  fills. 

(b)  First  Stage  Cofferdams.  -  Cofferdams  'A'  and  'B*  shall  be 
constructed  as  shown  on  sheet  11  of  the  plains  to  inclose  the  south  section 
Of  the  dam  to  and  including  pier  14.   Cofferdam  'A'  shall  be  an  earth  fill 
structure  built  to  eleva,tion  192  and  cofferdam  'B'  shall  be  a  crib  struc- 
ture built  to  elevation  188.   That  portion  of  cofferdam  'B'  which  is 
located  upstream  from  the  dam  axis,  and  which  is  common  to  the  second  stage 
cofferdams,  shall  be  built  to  a  minimum  elevation  of  188  for  the  first 
stage  eind  shall  be  raised  to  elevation  205  for  the  second  stage. 

(c)  In  order  to  reduce  the  flow  in  the  Long  Sault  Island 
South  Channel  sufficiently  to  permit  construction  of  an  earth  and  rock 
cofferdam,  the  contractor  shall  close  off  and  build  up  the  existing  diversion 
weir  of  the  Massena  Power  Canal  to  elevation  205  ^s   shown  on  sheet  l6  of 

the  drawings.   Immediately  after  completion  of  cofferdam  'A' ,  and  in  any 
event  prior  to  the  beginning  of  the  ice  season,  the  contractor  shall  restore 
the  diversion  weir  to  approximately  its  present  condition. 
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(d)  Second  Stage  Cofferdams  'E' .  *DU* .  and  *DD'.  -  Cofferdams 
'E',  'DU',  and  'DD'  shall  be  constructed  to  inclose  the  north  section  of  the 
dam.   Cofferdam  'E'  shall  be  built  to  elevation  210,  cofferdam  'DU'  upstream 
shall  be  built  to  elevation  205.  and  cofferdam  'DD'  and  'DU'  dovmstream 
shall  be  built  to  elevation  188.   That  portion  of  cofferdam  'B'  comprising 
cribs  23  to  27  inclusive  shall  be  left  in  place  to  form  part  of  cofferdam 
'DU'.   The  construction  of  cofferdam  'E'  may,  with  prior  approval  of  the 
contracting  officer,  be  initiated  prior  to  completion  of  cut  'P'  but  until 
out  'F'  has  been  completed  such  construction  shall  not  proceed  beyond  the 
point  where,  in  the  opinion  of  the  contracting  officer,  interference  with 
navigation  facilities  might  result. 

(e)  Bulkhead  Sections. -The  cribs  or  sections  of  cofferdam  'DU', 
upstream  and  downstream,  adjacent  to  and  abutting  on  the  completed  spillway 
section  and  which  may  be  built  within  the  unwatered  first  step  cofferdams, 
shall  be  constructed  to  fit  the  concrete  section  and  shall  be  made  water- 
tight by  sheathing  the  outside  and  sealing  the  contracting  edges  as  shown 
on  the  plans. 

(f)  Plug  Across  Cut  'C .  -  After  the  removal  of  cofferdams  'A' 
and  'B*  and  prior  to  the  commencement  of  cofferdajn  'E',  the  contractor 
shall  construct  and  maintain  a  plug  or  embankment  across  cut  'C  to  the 
grade  and  section  as  shown  on  sheet  12  of  the  plans.   The  contractor  may, 
with  prior  approval  of  the  contracting  officer,  construct  this  plug  of 
any  material  and  by  any  means  deemed  suitable.   The  contractor  will  not 
be  required  to  remove  this  plug  after  completion  of  the  work. 

(g)  Barnhart  Island  North  Channel.   -  The  Barnhart  Island  North 
Channel  will  be  closed  as  part  of  another  contract  and  the  contractor  shall 
not  be  required  to  undertake  any  work  in  closing  this  channel  or  to  assume 
any  responsibility  for  failure  or  overtopping  of  any  cofferdam  placed 
across  this  channel. 

2-10.   COFFERDAM  CONSTRUCTION. 

(a)  Cofferdam  Foundation  Excavation.  -  In  locations  where  the 
plans  show  cofferdam  cribs  founded  on  rock  the  contractor  shall  excavate  all 
overburden  and  remove  all  rock  irregularities  or  pinnacles  which  will 
interfere  with  the  proper  placing  and  maintaining  of  the  cofferdams.   The 
area  so  excavated  shall  have  a  bottom  width  extending  to  a  distance  of  10 
feet  outside  the  limits  of  the  cribs  to  be  founded  on  rock  and  shall  have 
slopes  of  1  on  1.5;  except  that  foundation  excavation  for  cofferdam  'E'  shall 
extend  for  a  distance  of  20  feet  upstream  from  the  upstream  edge  of  the  cribs, 
10  feet  downstream  from  the  downstream  edge  of  the  cribs,  and  shall  be 
continuous  throughout  the  length  of  that  portion  of  the  structure  founded 

on  rock,  including  stop  log  openings,  for  a  distance  of  10  feet  beyond  the 
outside  limits  of  the  outside  cribs  to  be  founded  on  rock.   Toe  trenches 
for  earth  and  rock  embankments  and  blanket  fills  shall  have  a  bottom  width 
of  10  feet  and  side  slopes  of  1  on  1 . 

(b)  Timber  Cribs  (in  Place).  -  Cofferdam  cribs  ste.ll  be  constructed 
and  placed  as  shown  on  sheets  10  to  14  of  the  plans.   The  base  of  each  crib 
shall  be  shaped  or  tailored,  in  vertical  steps  equal  in  height  to  one 
horizontal  course  of  timber,  to  fit  the  crib  foundation  as  determined  by 
soundings  to  be  taken  prior  to  construction  of  the  cribs  and  subsequent  to 

any  required  excavation.   Timbers  shall  be  fastened  by  means  of  drift  pins 
or  bolts  as  shown  on  the  plans.   Joints  in  horizontal  courses  shall  be 
staggered  so  that  two  consecutive  joints  in  a^vertlca'l  plane  shall  not 
occur  within  the  limits  of  one  crib  pocket  and  shall  be 
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so  placed  that  a  joint  does  not  occur  immediately  under  a  cross  timber. 
Butt  joints  shall  be  fastened  by  means  of  splice  blocks.   Holes  for  drift 
pins  shall  be  bored  with  a  bit  l/l6-inch  in  diameter  less  than  the 
thickness  of  the  pin,  holes  for  bolts  shall  be  bored  with  a  bit  eqtial  in 
diameter  to  that  of  the  bolt,  and  holes  for  tie  rods  shall  be  bored  with 
a  bit  l/l6-inch  in  diameter  larger  than  the  rods.  Standard  washers  shall 
be  used  under  all  bolt  heads  and  nuts  which  would  otherwise  come  into 
contact  with  the  wood.  Drift  pins  shall  be  square  in  section,  square  ended, 
and  without  taper. 

(c)  Timber  lengths  will  be  such  that  not  more  than  one  butt  joint 
will  occur  in  any  one  horizontal  member  for  cribs  exceeding  30  feet  in 
width.  For  cribs  up  to  and  including  3^  feet  in vddth  timbers  will  be 
furnished  in  lengths  equal  to  the  width  of  the  crib.  Timbers  for  weight 
pocket  flooring  will  be  furnished  in  standard  lengths  closest  to  the 
length  required. 

(d)  Crib  sheathing  (Bulkhead) .  -  The  outside  face  of  bulkhead  cribs 
shall  be  protected  by  a  water-tight  sheathing  as  shown  on  sheet  li^  of  the  plans. 

(e)  Steel  Sheet  Piling.  -  Steel  sheet  piling  shall  have  a 
minimum  web  thickness  of  3/8-inch  and  shall  weigh  not  less  than  3I  pounds 
per  square  foot  of  wall.  Piling  shall  be  driven  to  form  a  tight  seal  at 
the  foundation  and  shall  be  interlocked  throiighout  their  length  so  as  to 
form  a  continuous  wall.  Proper  precautions  shall  be  taken  to  prevent 
interlock  rupture  or  other  injury  to  the  piles,  and  any  piles  improperly 
driven  or  injured  in  any  manner  shall  be  removed  and  replaced  at  the 
contractor's  expense.  Where  piling  is  driven  as  a  double  row  or  a  series 

of  connected  cells,  the  space  between  the  rows  shall  be  backfilled  with 
an  impervious  material  so  as  to  effectively  seal  the  foundation  against 
seepage  under  the  cribs.  The  space  above  the  seal  shall  be  left  open  in 
order  that  the  piling  may  be  sealed  at  the  interlock  by  water  pressure. 

(f)  After  removal  from  a  cofferdam,  steel  sheet  piling  shall 
remain  the  property  of  the  contractor,  and,  if  in  a  satisfactory  con" 
dition,  may  be  re-used  by  him  in  another  part  of  the  cofferdams. 

(g)  Crib  Fill.  -  Crib  fill  shall  be  quarry  run  rock.  Fill 
shall  be  placed  in  the  weight  pockets  at  the  time  of  placing  the  cribs 
to  trim  and  sink  the  cribs.  After  the  cribs  are  in  place  on  the  crib 
foundation  all  pockets  shall  be  completely  filled. 

(h)  Earth  Fill.  Cofferdam.  -  Earth  fill  in  cofferdam  embank- 
ments or  blanket  fills  3hall  be  impervious  earth  material  placed  by 
dumping  or  by  other  suitable  method.  T^e  material  shall  be  well-graded 
clayey  or  sijty  sand  and  gravel,  and  of  the  material  passing  thei^-inch 
screen,  at  least  25  percent  by  dry  weight  shall  pass  the  200  mesh  screen. 
Material  mteting. tk^ese  specifications  is  available  from  the  required  excavation 
or  borrov  areas  indicated. 

(i)  Rock  Fill,  Cofferdam.  -  The  function  of  the  rock  fill  in 
cofferdam  embanlonents  is  to  form  an  initial  fill  to  the  surface  of  the 
water  so  that  the  flow  will  be  sufficiently  stopped  to  permit  placing 
earth  fill.  The  material  may  fee  quarry  run  rock  and  it  shall  be  placed 
to  the  slopes  as  shown  in  the  plans  and  to  the  height  of  the  surface  of 
the  water  at  the  time  of  placing. 

(j)  Riprap  -  Cofferdam.  -  Riprap  shall  consist  of  stones  weigh- 
ing, in  general,  25O  pounds  or  more, and  not  less  than  15  pounds;  placed 
to  a  thickness  of  3  feet  in  a  direction  normal  to  the  slope  of  the  embankment. 
No  hand  placing  or  sorting  shall  be  required  but  the  finished  surface  shall 
conform  to  the  slope  lines  as  shown  in  the  plans.  Any  rock  used  to  fill 
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depressions  or  irregularities  ia  the  embankment  shall  be  placed  at  the  oon- 
tractor's  expense. 

(k)   Derrick  Stone.  -  Derrick  stone  shall  consist  of  stone  weigh- 
ing not  less  than  1,000  pounds  and  having  a  least  dimension  not  less  than 
one-half  the  greatest  dimension.   It  is  not  anticipated  that  derrick  stone 
will  be  required,  but  the  contracting  officer  may  require  that  derrick 
stone  be  placed  where  excessive  scour  or  high  velocities  of  flow  make  such 
portection  necessary  or  desirable. 

(1)  Stop  Logs.  Concrete.  -  Concrete  stop  logs,  as  shown  on 
sheet  14  of  the  plans,  shall  be  provided  for  closing  cofferdam  'E'.   Concrete 
shall  be  class  A  conforming  to  the  requirements  of  Section  V.   The  contractor 
may  provide  holding  rings  or  devices  other  than  as  shown  on  the  plans  in 
order  to  permit  the  use  of  lifting  devices  proposed  by  him;  but  such  holding 
rings  must  be  placed  so  that  the  stop  logs  shall  fit  tightly  together  in 
the  stop  log  grooves,  and  so  thit  the  strength  of  the  stop  logs  are  not  less 
than  in  the  plan  shown.   Stop  logs  shall  be  so  placed  that  the  surfaces  of 
adjacent  logs  are  in  intimate  contact  throughout  their  length.  The  contractor 
shall  be  responsible  for  handling  and  placing  stop  logs  and  any  logs  broken 
or  damaged  shall  be  replaced  by  him  at  his  expense. 

2-11.   MASSENA  WEIR. 

(a)  fjeneral.  -  The  plans  and  sections  of  the  existing  weir  as 
shown  on  sheet  lo  of  the  drawings  are  approximate  only,  and  the  weir  is,  at 
the  time  of  writing  these  specifications,  urdergoing  repairs  and  alterations. 
The  material  comprising  the  weir  is  a  heterogeneous  mixture  primarily  of 
concrete  and  rock.   The  contractor  shall  be  responsible  for  determining  the 
conditions  existing  at  the  weir  for  the  purpose  of  his  bid  and  the  Government 
will  in  no  way  accept  responsibility  for  the  accuracy  of  the  data  shown. 

(b)  Fill.  Massena  Weir.  -  Prior  to  constructing  cofferdam  'A', 
the  contractor  shall  fill  the  Massena  Weir  to  elevation  205  and  to  the 
sections  as  shown  on  the  plans.   The  fill  need  not  be  water  tight  but  shall 
be  constructed  so  as  to  permit  placing  of  cofferdam  'A'.   Immediately  after 
the  construction  of  cofferdam  'A',  and  in  no  event  later  than  the  beginning 
of  the  ice  season,  the  contractor  shall  return  the  weir  to  approximately 
its  present  condition. 

(c)  Removal  of  tfassena  Weir.  -  The  contractor  shall,  after 
removing  cofferdams  'A'  and  'B'  and  prior  to  closure  of  cofferdam  'E', 
remove  the  diversion  weir  of  the  Massena  Power  Qanal  to  the  limits  as  shown 
on  sheet  16  of  the  drawings.   The  contractor  will  not  be  required  to  remove 
the  material  completely  from  the  channel  but  all  such  material  shall  be 
disposed  of  in  such  manner  that  the  flow  of  the  channel  is  not  unduly 
obstructed  or  restricted.   Such  material  as  may  be  satisfactory  may  be 
used  in  other  structures  where  such  material  is  required. 

2-12.   UNWATERII^G  COFFERDAMS.   -  After  completion  of  the  cofferdams 
as  shown  for  each  construction  stage  the  contractor  shall  unwater  the 
cofferdam  ned  area  and  shall  maintain  each  ptirt  of  the  work  free  from  water 
as  required  for  the  prosecution  of  the  work.   The  amount  of  water  removed 
will  be  measured  from  the  hours  pumped,  head,  and  test  rating  of  the  pumps 
used;  or  by  weirs  or  other  suitable  method.   The  contractor  shall  furnish, 
install,  maintain,  and  operate  equipment  for  measuring  the  water  removed. 
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2-13-   RMOVAL  OF  COFFERDAMS. 

(a)  After  the  completion  of  the  work  inclosed  by  the  various, 
cofferdams,  the  cofferdams  shall  be  removed  as  specified  below  to  the 
satisfaction  of  the  contracting  officer. 

(1)  Cofferdam  *A':  Prior  to  the  closure  of  cofferdam  'E', 
cofferdam  'A*  shall  be  completely  removed  to  or  below  elevation  16? .  The 
contractor  shall  remove  from  the  channel  all  fill  or  debris  which  may  im- 
pede the  flow  through  the  channel. 

(2)  Cofferdam  'B' :  Cofferdam  'E' ,  from  the  U-  S.  shore 
to  and  including  crib  li|,  shall  be  removed  prior  to  closure  of  cofferdam 
*E'  to  elevation  155  or  to  the  river  bottom,  whichever  shall  be  highest. 

(3)  Cofferdam  'DU' :  Cofferdam  'DU'  shall  be  removed  to 
elevation  175  ^or   a  distance  of  not  leaa  than  100  feet  or  as  otherwise 
required  for  diversion  through  openings  in  the  second  stage  construction. 
In  the  event  that  the  final,  or  closure,  stage  of  construction  does  not 
require  diversion  through  splllwaiy  openings  in  the  second  stage  construc- 
tion, cofferdam  'DU'  need  not  be  removed. 

(4)  Cofferdam  'DD':   Cofferdam  'DD'  and  bulkhead  down- 
stream of  Bl4  shall  be  completely  removed  to  elevation  155(river  bottom). 

(5)  Cofferdam  •£' :  Cofferdam  '£'  shall  be  completely 
removed  to  elevation  l80. 

(b)  All  materials  in  the  cofferdams,  including  materials  fur- 
nished by  the  Government  for  use  in  the  cofferdams,  shall  become  tLe 
property  of  the  contractor  and  shall  be  disposed  of  by  him.  Earth  and 
rock  removed  from  the  cofferdams,  except  cofferdam  'A',  may  be  wasted  in 
the  river  downstream  from  the  cofferdams  from  which  they  are  removed  or 
in  the  areas  designated  on  the  plans  for  waste.  Material  wasted  in  the 
river  shall  be  distributed  in  such  manner  that  it  shall  not  accujiulate 
in  piles  or  mounds  nor  to  an  elevation  higher  than  the  grade  specified 
for  removal  of  the  cofferdams.  Materials  froni  Cofferdam  'A'  shall  be 
completely  removed  from  the  rivel*  or  wasted  downstream  from  the  dam. 
All  timbers  or  other  floating  material  shall  be  removed  from  the  river. 

2-14.   DIVERSION  REGULATION  AND  GATES. 

(a)  Regulation.  -  Regulation  of  diversion  during  the  second 
and  the  closure  stages  will  be  accomplished  by  operation  of  diversion 
gates.   Inasmuch  as  the  United  States  is  responsible  for  any  damage 
resulting  from  improper  regulation  of  the  waters  svirface  elevations 

at  upstream  points,  the  diversion  gates  shall  be  operated  only  as  dir- 
ected by  the;  contracting  officer  and  the  contractor  shall  not  at  any 
time  operate  these  gntes  except  by  written  authority  of  the  contract- 
ing officer. 

(b)  Diversion  Gates. 

(1)   As  noted  in  paragraph  2-06(e),  each  diversion  gate 
is  to  be  made  up  of  one  top  section  of  a  spillway  gate  resting  on  the 
coupled  to  a  single-section  spillv.ay  gate.  A  temporary  steel  seal  struc- 
ture will  be  furnished  on  th.e  skin  plate  side  of  eacn  gate  section  and 
a  rubber  seal  and  air  hose  with  fittings  provided.  The  contractor  shall 
make  the  permanent  splices  in  the  gates  as  required  in  paragraph  7'02(e) 
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and  shall  also  make  watertight  splices  in  the  steel  seal  structures. 
The  horizontal  seals  shall  be  attached  to  each  top  section,  the  com- 
pleted sections  coupled  together,  and  watertight  splices  made  in  the 
seal  structure  at  the  joints.   The  air  hose  shall  then  be  inserted 
at  the  back  of  the  seal  retaining  slot  andthe  rubber  seal  placed  at  trie 
front  and  the  joints  in  the  seal  cemented.  The  ccnpleted  gates,  with 
wedge-operating  motors  and  limit  switches  removed,  shall  then  be  trans- 
ported to  the  proper  openings  and  placed  in  the  slots  by  gantry  crane 
N0.1. 

(2)  When  the  gates  are  no  longer  needed  for  river  diver- 
sion, the  contractor  shall  remove  tne  temporary  seal  structure  by  a 
method  which  will  not  injure  the  gates,  recondition  the  gate  sections 
and  equipment  to  first-class  condition,  attach  the  permanent  seals, 
wedge  operating  motors  i^nd  limit  sv.-tches,  and  shall  then  piece  the 
gates  in  the  proper  spillway  slots  as  required  by  Section  Vli«  Re- 
conditioning of  the  gates  shall  incluiie  thorough  inspection  and  recon- 
ditioning of  all  working  parts,  particularly  the  wheel  assemblies, 
greasing  systems  and  the  lifting  and  coupling  mechanisms.   Any  parts 
injured  due  to  their  temporary  use  for  river  diversion  shall  be  re- 
placed by  the  contractor  at  his  expense.   The  contractor  shall  also 
fill  from  elevation  215  'to  the  toy  of  the  piers  the  niches  left  in  the 
pier  noses  with  Class  E  concrete,  properly  anchored  and  reinforced 

as  indicated  on  the  drawinrs.   The  finished  surfaces  shall  conform 
to  the  curve  of  the  pier  faces. 

(3)  Tracks.  -  The  gate  tracks  will  be  175  l^*  crane 
rails  clamped  to  wide-flange  bearing  beams.   The  contractor  shall 
place  all  anchor  bolts  in  the  pier  concrete  arid  shall  attach  the  gate 
tracks  and  grout  them  in  place  after  he  has  carefully  adjusted  them 
to  line.   After  the  diversion  gates  are  removed,  the  contractor  shall 
have  the  option  of  removing  all  of  the  track  rails  for  use  loter  in  the 
permanent  gate  slots,  or  he  shall  furnish  at  his  expense  similar  t-rack 
of  equal  quality  and  proper  length  for  installation  in  the  permanent 
gate  slots.  The  contractor  shall  inform  the  contracting  officer  in 
writing  of  his  choice  before  completion  of  work  in  the  first  stage 

cof f  rdam.   In  the  event  the  contractor  decides  to  purchase  new  rails 
instead  of  salvaging  from  under  water  the  rails  used  in  the  diversion 
openings,  the  Government  will  furnish  him  the  specifications  for  the 
rails  to  be  bought. 

(4)  Dogs  and  operating  devices  will  be  furnished  for 
installation  in  the  pier  noses  at  the  locations  shown  on  the  drawings. 
The  contractor  shall  install  the  dogs,  supporting  steel,  operating  rods 
and  fastenings.   After  the  diversion  gates  are  removed  the  contractor 
shall  remove  tne  dogs,  pins,  operating  rods  and  fittings  for  installa- 
tion in  the  permanent  gate  slots  as  x-equired  in  Section  VII . 

(c)  Gantry  Crane  }^o.    1.  -  The  spillway  gantry  crane  No.  1  will 
be  used  for  operating  the  diversion  gates  and  for  any  material  handling 
or  other  service  for  which  it  is  suited.  Tne  contractor  shill  furnish  electric 
power  and  competent  operators,  and  shall  recondition  the  crane  as  provided  in 
paragraph  7-10- 
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2-15.   MEASUPEMEOT  AND  PABJENT. 

(a)  Excavation;  Crib  Footing.  -  A  survey  of  the  river  bed  will 
be  'iade  prior  to  cominen cement  of  work,  snd  laeasurement  for  excavation  will 
be  made  between  the  grcund  surface  and  the  slope  and  grade  lines  specified, 
see  paragraph  2-10(a),  or  shown  on  the  drawin£s,  and  to  the  rock  surfaces 
upon  which  the  cofferdam  cribs  are  founded.  Payment  for  such  excavation  for 
cofferdam  cribs  including  toe  trench  excavation  for  earth  and  rock  embankments 
for  cofferdams  will  be  made  at  the  contract'  unit  ;.rice  per  cubic  yard  for 
■Excavation;  Crib  Footing."  Excess "material  excavated  outside  the  limits 
specified  shall  not  be  included  for  payment. 

(b)  Timber  Cribs.  -  Payment  for  timber  cribs,  see  paragraph 
2-10(b),  shall  include  all  the  work  of  unloading,  transporting,  storing  , 
constructing,  and  placing  as  specified  and  shown  on  the  drawings,  and  shall 
include  placing  drift  pins,  bolts,  washers,  tie  rods, and  other  items 
necessary.  Payment  will  be  made  at  the  contract  unit  price  per  thousand 
board  feet  for  "Timber  Cribs"  after  a  crib  has  been  set  and  stabilized 
with  fill.  The  number  of  board  feet  shall  include  all  the  crib  timber 

in  place  except  the  sheathing  lumber.  Dimensions  of  timber  serving 
as  a  basis  for  computation  of  quantities  of  board  feet  will  be  in  accor- 
dance with  standard  grading,  rules  of  the  applicable  lumber  organization. 

(c)  Crib  Sheathing  (Bulkhead^ .  -  Payment  for  furnishing 
and  placing  cribsheathing  will  be  made  at  the  contract  unit  price  per 
square  foot  for  "Crib  Sheathing  (Bulkhead)"  as  indicated  in  the  Schedule 
of  Bid  Items. 

(d)  Steel  Sheet  Piling.  -  Payment  for  furnishing  and  placing 
steel  sheet  piling  will  be  made  at  the  contract  unit  price  per  square 
foot  for  "Steel  Sheet  Piling",  for  the  number  of  square  feet  of  wall 
below  the  specified  grade  line.   This  payment  shall  include  all  items 
of  work  in  connection  therewith  including  the  seal  backfill  as  speci- 
fied. 

(e)  Crib  Fill.  -  Crib  fill,  paragraph  2-10(g) ,  shall  be  measured 
in  place  to  the  inside  dimensions  of  each  crib  pocket.  Payment  will  be 
made  at  the  contract  unit  price  per  cubic  yard  for  "Crib  Fill",  and  shall 
include  all  costs  of  furnishing  and  placing  the  quarry  run  rock  for  crib 
fill. 

(f)  garth  Fill.  Rock  Fill,  and  Riprap.  -  These  items,  paragraphs 
2-10(h},  (i),  and  (j),  shall  be  measured  in  plade  to  the  slope  lines 

and  grades  as  specified  or  shown  on  the  drawings.  Payment  will  be 
made  at  the  contract  unit  prices  per  cubic  yard  for  "Earth  Fill;  Coffer- 
dams", "Rock  Fill;  Cofferdams",  or  "Rip  rap;  Cofferdams"  respectively, 
and  shall  include  all  costs  of  furnishing  and  placing  the  earth  fill, 
rock  fill,  and  riprap  in  the  cofferdam  embankments. 

(g)  Derrick  Stone.  -  This  item,  paragraph  2-10(k),  shall  be 
measured  by  the  ton,  and  the  contractor  shall  furnish  scales  and  a  suita  - 
ble  shelter  for  weighing  the  material  at  the  site  of  the  work.  Payment 
will  ge  made  at  the  contract  unit  price  per  ton  for  "Derrick  Stcne; 
Cofferdams"^  and  shall  include  all  cost  of  furnishing  and  placing  the 
derrick  stone  as  specified. 
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(h)   Cofferdaiji  RcjioveI.  -  Ccfferdain  removal  shall  be  measured 
on  the  basis  of  material  actually  in  place  above  the  grade  specified  for 
removal,  see  paragraph  2-13,  ari<3  no  classification  of  material  will  be 
made.   paiTnent  v.ill  be  mads  at  the  contract  unit  price  per  cubic  yard 
for  •Cofferdam  Re.T.cval",  and  shall  include  the  cost  of  all  work  as  speci- 
fied including  disposal  and  cleaning  up. 

(i)  Unwatering;  Ccf  f erdbui^ .  -  Payment  for  unwatering  cofferdams 
will  be  made  at  the  contract  unit  price  per  acre  foot  for  "Unwatering 
Cofferdams",  measured  as  specified  (see  paragraph  2-12). 

(j)   Excavation:  niversinn  r.utf^     TC.grt.h  nnri  Pop.k.  -  A  survey  of 
the  ground  surface  will  be  made  prior  to  com-men cement  of  work,  and 
measurement  for  excavation  will  be  made  between  the  ground  surface  and 
the  slope  and  grade  lines  as  specified,  see  paragraph  2-08,  or  shown 
on  the  drawings. 

(1)  Payment  for  excavaticn  of  the  several  diversion  cuts 
will  be  made  at  the  contract  unit  price  per  cubic  yard  for  "Excavation; 
Diversion  Cuts,  Earth",  and  "Excavation;  Diversion  Cuts,  Rock"  respectively. 

(2)  Payment  for  common  excavation  which,  in  the  opinion 

of  the  contracting  officer,  cannot  be  removed  by  a  2i   cu.  Yd.  power  shovel 
without  continuous  and  systematic  blasting  will  be  made  at  twice  the 
controct  unit  price  per  cubic  yard  for  "Excavation;  Diversion  Cuts, 
Earth". 

(k)  Massena  Weir.  - 

(1)  Fill.  -  Payment  for  filling  the  Massena  Weir,  para- 
graph 2-11,  will  be  made  at  the  contract  unit  price  per  cubic  yard  for 
"Fill;  Massena  Weir,  Rock",  m.easured  to  the  grade  and  slopes  indicated 
on  the  drawings. 

(2)  Excavation.  -Measurement  of  quantities  removed  will 
be  based  on  surveys  made  before  and  after  removal.  Material  removed  in 
returning  the  weir  to  its  original  condition  after  the  construction  of 
cofferdam.  *A'  shall  be  included  in  the  quantities  for  the  excavation  of 
Massena'  weir.   Payment  will  be  made  at  the  contract  unit  price  per  cubic 
yard  for  "Excavation;  ^lassena  Weir*. 

(I^  Stop  i^c^'.s.  -  Payment  for  stop  logs  will  he   based  on  the 
cubic  yard  volume  of  all  the  stop  logs  placed,  and  shall  include  the 
cost  of  all  work  in  connection  therewith  including  furnishing  all  items 
except  cement,  aggregaies,  and  reinforcement  which  3re  furnished  by  the 
Government.   Payment  will  be  made  at  the  contract  unit  price  per  cubic 
yard  for  "Stop  Logs;  Concrete". 

(m)  Diversion  Gates.  -  The  contractor  shall  perform  all  work 
necessary  for  erecting,  operating,  and  maintaining  the  river  diversion 
gates,  tracks,  dogs,  and  appurtenances;  for  dismantling  the  diversion 
gates  and  reconditioning  the  component  gate  sections  for  permanent  use 
on  the  spillway^  for  returning  to  the  Government  undamaged  the  diversion 
gate  dog  castings,  pins,  track  rails  and  accessories,  and  the  diversion 
gate  sealing  equipment;  and  for  placing  reinforcing  steel  in  the  niches 
left  in  the  pier  noses  and  filling  the  niches  with,  concrete  to  conform  to 
the  curve  of  the  pier  faces,  all  as  specified  in  paragraph  2-14-  The 
Government  will  furnish  the  materials  and  items  specified  in  paragraph 
2-02(b),  but  replacement  parts  for  repairs  during  diversion  gate  operation 
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and  for  reconditioning  shall  be  furnished  by  the  contractor.  Payment  for 
erection,  operation,  maintenance,  removal,  and  reconditioning  of  the  diversion 
gates  including  all  the  items  referred  to  above  or  herein  will  be  made 
at  the  contract  lump  sum  price  for  "Diversion  Gates;  Operation  and  Main- 
tenance". 
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Specifications:  Long  Sault  Dam 

SECTION  III 
DAM  AND  DIKE  EXCAVATION,  FOUNDATION  PREPARATION,  AND  GROUTING 

3-01.  CLEARING  iiND  GRUBBING. 

(a)  Clearing.  -  The  entire  work  areas  as  shown  on  the  contract 
drawing,  sheet  No.  2,  shall  be  cleared  as  specified  below. 

(1)  Foundation  and  Borrow  Areas.  -  The  foundation  areas 
for  the  structures  and  embankments  and  the  borrow  areas  shall  be  cleared 
of  all  trees,  stumps,  brush,  fences,  buildings,  and  any  other  objection- 
able material  or  structures. 

(2)  Spoil  Areas.  -  In  areas  to  be  covered  by  spoil,  trees 
shall  be  cut  off  at  elevations  not  higher  than  4  feet  below  the  top  of 
the  spoil  dump. 

(3)  Reservoir  Areas.  -  Areas  upstream  from  the  dam  within 
the  limits  indicated  on  the  drawing  and  below  elevation  2^0  shall  be 
cleared  of  trees,  brush,  fences,  buildings,  and  any  other  objectionable 
materials  or  structures.  All  trees  shall  be  cut  off  2  feet  above  the 
ground  surface  except  that  no  stumps  shall  remain  above  elevation  230* 
Where  trees  stand  on  ground  between  elevation  23O  and  250  they  shall  be 
cut  off  flush  with  the  ground. 

(4)  Other  Areas.  -  The  work  area  for  access  railroad 

and  highway  shall  be  cleared  and  grubbed  as  specified  in  paragraph  13-03« 
Other  areas  not  included  in  the  above  within  the  work  areas  shown  shall 
be  cleared  only  to  the  extent  necessary  for  the  contractor's  camp, 
storage  areas,  shops,  plant,  and  the  conduct  of  the  work. 

(b)  Grubbing.  -  Foundation  areas  for  tie   embankments  shall 
be  grubbed  of  all  stumps,  perisheble  material,  and  roots  greater  than 
li  inches  in  diameter  to  a  minimum  depth  of  four  feet  below  the  origi- 
nal ground  surface. 

(,c )     Disposal.  -  All  trees,  stamps,  roots,  brush,  falling 
timber t  buildings,  and  other  debris  cleared  within  the  areas  indicated 
above  shall  be  burned,  buried  in  spoil  areas,  or  otnerwise  completely 
removed  from  the  site  to  the  satisfaction  of  the  contracting  officer. 
Disrosal  in  the  river  of  trees,  stumps,  roots,  and  other  hatinful  material 
will  not  be  permitted,  and  no  material  shall  be  piled  in  the  stream  bed, 
or  on  the  river  terrace,  where  it  may  be  washed  away  by  high  water. 
The  contractor  shall  be  responsible  for  any  damage  done  by  fire,  and 
shall  at  no  time  leave  a  fire  unattended  until  it  has  been  fully  ex- 
tinguished- 

(d>  Measurement  anH  Vftymt^nt.    -   No  separate  payment  will  be 
made  for  clearing  and  grubbing  but  the  costs  for  such  work  shall  be 
included  in  the  contract  priced  for  other  itemts  of  work. 

3-02.   EXCAVATION  REtiU  IB  SOLENTS  . 

(a)  Excavation  and  stripping  shall  be  carried  to  the  lines 
and  grades  shown  on  the  drawings  or  as  directed  by  the  contracting 
officer.  Fxcavation  and  foundation  preparation  for  the  various  sections 
of  the  dam  and  dike  shall  be  performed  in  accordance  with  paragraph 
3-06,  3-08,  3-O9,  and  3-10  of  these  specifications,  or  as  otherwise 
directed  by  the  contracting  officer. 

(b)  Borrow  Pits.  -  The  designated  borrow  areas  to  obtain 
embankment  materials  are  indicated  on  the  drawings  (see  paragraph  l-l6), 
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It  is  estimated  that  in  the  designated  borrow  areas  and  in  the  required 
excavation  there  is  sufficient  quantity  of  suitable  material  for  the 
compacted  fill  sections  of  the  embankments,  but  if,  in  the  opinion  of 
the  contracting  officer,  additional  borrow  pits  are  required,  they  will 
be  furnished  without  cost  to  the  contractor.   If  the  contractor  desires 
to  use  the  borrow  area  designated  on  the  drawings  on  the  New  York 
mainland  for  other  purposes,  the  contracting  officer  will  select  another 
area  in  the  vicinity,  containing  suitable  nteterial.  If  the  borrow  area 
is  changed  at  the  request  of  the  contractor,  the  unit  bid  price  shall 
not  be  increased. 

3-03.  CEhRACTER  OF  MATERIALS  TO  BE  EXCAVATKD.  -  The  location  and 
logs  of  borings,  test  trenches,  and  test  pits  referred  to  in  paragraph 
1-18  (a)  made  by  the  United  States  to  determine  the  character  of  materials 
to  be  encountered  and  removed  or  to  be  used  in  the  permanent  structures 
are  shown  on  the  drawings  or  are  available  for  inspection  at  the  U.  S. 
Engineer  Office,  Massena,  New  York.  The  Dnited  States  does  not  guarantee 
that  other  materials  will  not  be  encountered  nor  that  the  proportions 
of  the  several  materi&ls  will  not  vary  from  those  indicated  by  the 
explorations,   (see  paragraph  1-18  (a)). 

3-04.   EXCAVATION  IN  BORRO»  PITS  AND  STOCK  PILES. 

(a)  Borrow  Pits.  -  The  contracting  officer  will  specify  ti.e 
location  at  which  borrow  excavation  will  be  made  within  the  borrow 
areas.  The  specified  areas  shall  be  cleared  and  grubted  as  stated  in 
paragraph  3"01»  a^d  stripped  to  a  depth  of  18  inches  or  as  otherwise 
directed  by  the  contracting  officer.  The  suitable  top  soil  from 
stripping  may  be  stock  piled  or  placed  directly  in  areas  to  be  top 
soiled  as  specified  in  paragraph  4~08»  All  other  materials  from  stripping 
snail  be  finally  disposed  of  in  the  excavated  portions  of  the  borrow  areas. 
TTie  depths  of  cuts  and  lifts  and  the  disposition  of  the  excavated 
materials  may  require  the  contractor  to  change  the  locations  and  depths 

of  his  excavating  operations  whenever  such  change  is,  in  the  opinion 
of  the  contracting  officer,  necessary  to  obtain  the  proper  quality  of 
material.  The  excavations  shall  be  worked  so  that  the  materials  are 
mixed  in  the  process  of  excavation.  Excavation  within  the  borrow  pits 
shall  be  in  a  manner  to  produce  drainage  of  the  material  if  the  ground 
water  table  is  above  the  elevation  of  the  excavation.  After  the  ex- 
cavation is  completed,  excavated  surfaces  shall  be  graded  to  a  smooth 
and  pleasing  appearance  as  directed  by  the  contracting  officer  and  each 
borrow  area  shall  be  so  graded  that  the  final  surface  area  shall 
blend  into  the  surrounding  topographi-  and  all  surface  water  will 
readily  drain  therefrom,   (see  also  paragraph  I-I6).  The  contractor 
shall  construct  and  maintain  all  connecting  roads  required  from  the 
borrow  areas  to  the  place  of  disposal. 

(b)  Stock  Piles.  -  Earth  fill  materials  from  stock  piles 
shall  be  obtained  in  a  manner  satisfactory  to  the  contracting  officer. 
The  contractor  will  be  required  to  excavate  in  the  areas  directed  by 
the  contracting  officer  and  change  the  locations  and  depths  of  excavat- 
ing OLerations  wherever  such  a  change  is  directed  by  the  contracting 
officer.  The  final  surfaces  of  the  remaining  part  or  parts  of  the  stock 
piles  of  earth  fill  shall  be  graded  and  blended  into  the  surrounding 
topography  satisfactory  to  the  contracting  officer. 

Rock  materials  from  stock  piles  shall  be  obtained  in  a  manner 
satisfactory  to  the  contracting  officer.  After  the  excavation  of  the 
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stock  pile  of  rock  is  completed,  the  remainder  of  the  material  shall  be 
gathered  and  neatly  piled  as  directed  by  the  contracting  officer. 

3-05.  CLASSIFICATION  OF  FOUNDATION  EXCAViiTION. 

(a)  Rock  H:xcavation.  -  All  materials  required  to  be  excavated 
which,  in  the  opinion  of  the  contracting  officer,  cannot  be  removed  by 

a  2i-cu.  yd.  power  shovel  without  continuous  and  systematic  blasting, 
and  all  boulders  and  loose  rock  two  cubic  yards  in  volume  or  greater 
will  be  classed  as  rock  excavation. 

(b)  Common  Excavation.  -  All  other  material  will  be  classified 
as  common  excavation,  including  boulders  and  loose  rock  less  than  two 
cubic  yards  in  volume. 

3-06.   REMOVAL  AND  DISPOSAL  OF  FOUNDATION  EXCAVATION. 

(a)  Remova 1 .  -  All  materials  shall  be  removed  to  the  lines 
and  grades  as  indicated  on  the  drawings,  or  as  otherwise  required  by 
the  contracting  officer,  to  provide  suitable  foundations  as  specified 
below.   (For  the  limits  of  each  structure  listed  below  see  paragraph 
I-03  and  the  drawings  forming  a  part  of  these  specifications). 

(1)  Excavation  for  Concrete  Structures.  -  Excavation 
for  the  concrete  dam  section,  spillway  apron,  and  training  walls,  shall 
be  carried  to  a  satisfactory  firm  foundation  as  determined  by  the  con- 
tracting officer  after  completion  of  sub-surface  explorations.   Areas 
from  which  suitable  earth  materials  may  be  obtained  for  embankments  shall 
be  stripped  as  directed  by  the  contracting  officer.  The  firm  rock  line 
shown  on  the  drawings  is  only  approximate  and  is  not  guaranteed.  Should 
actual  firm  rock  be  encountered  at  a  higher  or  lower  elevation  than  the 
approximate  firm  rock  line  shown  on  the  drawings,  no  change  will  be 

made  therefor  in  the  contract  unit  prices. 

(2)  Excavation  for  Bubankments.  -  Etabankment  areas  shall 
be  stripped  and  excavated  to  lines  and  grades,  and  slopes  as  siown  on  the 
contract  drawings  or  as  directed  by  the  contracting  officer.  The 
contractor  shall  de-water  all  excavation  areas  to  produce  a  dry  condi- 
tion suitable  for  placing  embankment  as  determined  by  the  contracting  of- 
ficer. Explorations  indicate  that  it  will  be  necessary  to  remove 

silt  and  clay  deposits  in  certain  areas  for  dike  foundation.  Should 
excavation  be  required  to  a  higher  or  lower  elevation  than  that  indi- 
cated on  the  drawings,  as  determined  by  the  contracting  officer,  no 
change  will  be  made  therefor  in  the  contract  unit  prices. 

(b)  Disposal.  -  The  foundation  excavation  materials  shall  be 
disp-sed  of  as  follows  unless  otherwise  directed  by  the  contracting 
officer. 

(1)  Materials  Excavated  for  Concrete  Structures.  -  All 
material  excavated  for  the  construction  of  the  ccmcrete  structures  which 
is  suitable,  as  determined  by  the  contracting  officer,  for  the  earth 
sections  of  the  wing  dams  and  for  backfill  around  the  bulkhead  sections  ■ 
and  behind  training  walls,  shall  be  placed  directly  in  the  earth  sections 
of  the  wing  dams  or  in  stock  pile  areas  approved  by  the  contracting 
officer.  All  other  material  not  suitable  or  in  excess  of  that  required 
for  backfill  and  the  embankments  of  the  wing  dams  shall  be  disposed  of 
in  the  spoil  areas  shown  on  the  contract  drawings  in  a  manner  and  to  an 
elevation  satisfactory  to  the  contracting  officer. 

Rock  obtained  during  the  excavation  for  concrete  structures  which 
passes  the  specifications  for  Class  A  and  Class  B  riprap  (see  paragraph 
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4-07)  shall   be  placed  directly  in  the   rock  fill   sections  of   the  dike  and 
wing  dams   (see   sheet  No.   26)  and/or  in  stock  piles.     Sufficient  rock 
material   shall  be  placed  in  the  stock  piles  for  riprap  on  the  envelopes  at 
the  abutments  and  the   portions  of  the  wing  dams  which  are  to  be  completed 
after  backfilling  as   stated   in  paragraph  4-02(cl).      All  rock  except   shale 
in  excess  of   that  required  for   the  riprap  of  the   embankments  and  coffer- 
dams shall   be  deposited  on  the  New  York  mainland  accessible   to  the  access 
railroad  at  a  place  and   in  a  iranner  approved  by  the  contracting  officer. 
Shale   from  the   foundation  excavation  shall  not  be   placed   in  the   riprap 
sections   of  the   embankments   but   shall   be   disposed  of  in  the  spoil  areas 
shown  on  the  contract  drawings  or  as  directed  by  the   contracting  officer. 

(2)     ^faterial  Excavated  for  Embankments.   -  Rfeterial   ex- 
cavated from  foundation  areas   for  the  embankments   (see  paragraph  4-01) 
and  determined  usable  by  the   contracting  officer  shall  be  placed  directly 
in  the  earth  sections  of   the  dike  and   wing  dams  in  accordance  with  the 
specifications  stated  in  Section  IV  and/or  in  stock  piles.     Top  soil 
materials  suitable  for  seeded  areas  may  be  stockpiled  or  placed  directly 
in  areas  to  be  topsoiled  (see  paragraph  4-08).     All  material  excavated 
and  determined  waste   by  the   contracting  officer  shall  be  plac:.'d  in 
spoil  areas  shown  on  the   plans   or  as   approved  by  the  contracting  officer. 

3-07.      LffiASDREAffiNT  A^]D   PAYMENT  POR  EXC/iyATIOM. 

(a)  Msasurement. 

(1)  A  survey  of  the  rivar  bed  and  ground  surface  for 
foundation  excavation  will  be  made  prior  to  commencement  ol  work  and 
msasurements  of  excavation  will  be  based  on  this  survey  and  on  the  class- 
ifications specified  in  paragraph  3-05*  Msasuremsnt  for  common  excavation 
will  be  made  between  the  ground  surface  and  the  slope  and  grade  lines 
shown  on  the  dr'^.vings  or  as  modified  by  the  contracting  officer,  or  to  the 
natural  rock  surfaces  encountered  in  such  excavation. 

(2)  A  survey  of  all  borrow  areas  and  earth  stock  piles  will 
be  made  prior  to  the  removal  of  material.  T.isasurement  of  excavation 

for  embankment  .Tiaterials  for  payment  will  be  based  on  this  survey,  and  a 
final  survey  of  the  completed  excavation. 

(3)  I'feasurement  for  rock  excavation  will  be  made  for  the 
actual  quantity  exctvated  within  the  slope,  structure,  and  grade  lines 
shown  on  the  drawings,  or  such  modifications  of  these  lines  as  directed 
by  the  contracting  officer.  No  payment  will  be  made  for  any  rock  ex- 
cavation carried  below  or  beyond  these  lines  by  unnecessary  drilling  and 
blasting  and  all  rock  thus  removed,  shall  be  replaced  with  concrete  at 
the  expense  of  the  contractor. 

(4)  The  excavation  slope  lines  shown  on  the  drawings  do 
no  represent  actual  slopes  necessary  and  are  not  guaranteed  by  the 
Government  as  safe  slopes  for  making  the  required  excavations.  The  actual 
slopes  required  for  safety  shall  be  determined  by  the  contracting  officer 
and  may  be  greater  or  less  than  shown. 

(b)  Payment . 

(1)     Payment  for  all  required  foundation  excavation  shall 
include  the  cost  of  stripping  and  pxcvation,   transporting  and  disposal 
as   required  under  piiragrapha  3-OI  and  3-06  and  will  be  made  at   the  res- 
pective  contract  unit  prices  per  cubic  yard  for  •Excavation;   •Common"; 
"Excavation;  Rock". 
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(2)  Payment  for  all  earth  emtankment  materials  excavated 
from  the  borrow  pits  including  material  stripped  from  the  surface  will 
be  made  at  the  contract  unit  price  per  cubic  yard  for  "Excovation, 
Borrow",  which  unit  price  shall  include  all  costs  of  draining,  excavat- 
ing, transporting  and  dumping  the  suitable  fill  material  in  the  embank- 
ments; and  the  stock  piling  and  disposal  of  the  stripping  material,  and 
the  cost  of  all  operations  attendant  thereto. 

(3)  'Vhere  stockpiling  of  suitable  ccmmon  excavation 
material  prior  to  its  incorporation  in  fill  is  directed  by  the  contracting 
officer,  separate  payment  will  also  be  made  for  excavating  from  these 
stockpiles  at  the  rate  of  50  per  centum  of  contract  unit  price  for 
"Excavation;  Common";  provided,  however,  that  no  payment  will  be  made 

for  stockpiling  when  and  where  the  contractor  is  offered  the  alternative 
of  suspending  excavation  but  elects  to  stockpile  in  lieu  of  suspension. 
The  alternative  of  suspending  excavation  will  be  offered  o^ly  when  and 
to  the  extent  t..at  in  the  opinion  of  the  contracting  officer  progress 
has  been  such  as  to  warrant  it.  Such  offer  shall  not  constitute  a 
basis  for  extension  of  time  limit  under  the  contract.  No  separate  pay- 
ment will  be  made  for  excavating  top  soil  from  stockpiles,  see  paragraph 
4-08. 

(4)  No  separate  payment  will  be  made  for  rock  excavation 
from  stockpiles,  see  paragraph  4-07(c). 

3-08.  FOUNDATION  PREPARATION  -  ROCK.  -  Foundation  excevetion  for 
the  concrete  dam,  spillway  apron  and  training  walls  shall  be  carried  to 
the  lines  and  grades  as  indicated  on  the  plans  and/or  to  sound,  firm 
ledge  rock,  free  from  open  horizontal  seams  or  disintegrated  portions. 
Blasting  against  surfaces  which  will  form  the  final  surface  will  not  be 
permitted,  see  paragraph  3-10*   The  foundation  shall  be  prepared  by 
barring,  picking,  wedging,  or  similar  methods  which  will  leave  the  rock 
of  the  foundation  in  an  entirely  sound  and  unshattered  condition.  The 
surface  of  the  rock  shall  be  left  clean  and  rough  to  provide  a  proper 
bond  between  the  rock  and  the  concrete.  All  water  shall  be  removed 
from  the  final  foundation,  which  shall  be  moistened  as  required  by 
the  contracting  officer  prior  to  initial  placement  of  grout.  The  con- 
tractor will  be  required  to  drill  exploratory  core  holes  as  described 
in  paragraph  3*12  in  the  foundation  to  determine  the  suitability  of 
the  bedrock.  Payment  for  foundation  preparation  will  be  included  in 
payment  for  rock  excavation. 

3-09.   LINE  DRILLING. 

(a)  The  vertical  roch  faces  indicated  on  the  drawings  or 
as  otherwise  required  by  the  contracting  officer  shall  be  made  with 

a  channeling  machine,  by  drilling  and  broaching  or  by  close  line  drilling. 
Rock  excavation  adjacent  to  channeled  faces  shall  te  removed  in  shallow 
lifts  and  short  sections,  and  the  chanr.eled  face  remaining  she  11  be  of 
undisturbed  rock. 

(b)  Measurement  for  line  drilling  will  be  made  alpng  the 
vertical  surfaces  indicated  on  the  drawings  or  established  by  the  con- 
tracting officer.  Payment  for  channeling,  drilling  and  broaching  or. 
close  line  drilling  will  be  made  at  the  contract  unit  price  per  square 
foot  of  vertical  surface  for  "Line  Drilling".  Payment  for  the  rock 
removed  will  te  made  as  specified  in  paragraph  3"07» 
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3-10.  BUkSTING  FOR  EXCAVATION.  -  Blasting  will  be  permitted  only 
when  proper  precautions  are  taken  for  the  protection  of  all  persona,  the 
work  and  property,  and  any  damage  done  to  the  work  or  property  by  blast- 
ing shall  be  repaired  by  the  contractor  at  his  own  expense.  Caps  or 
other  exploders  or  fuses  shall  in  no  case  be  stored  or  kept  in  the  same 
place  in  which  dynamite  or  other  explosives  ere  stored.  All  operations 
of  the  contractor  in  connection  with  the  transportation,  storage  and 
use  of  explosives  shall  be  subject  to  the  approval  of  the  contracting 
officer,  and  the  contractor  shell  be  liable  for  all  injuries  or  deaths 
of  persons  or  damage  to  property  caused  by  blasting  or  explosives.  All 
necessary  precautions  shall  be  taken  to  preserve  the  rock  outside  the 
lines  of  excavation  in  sound  condition.  Blasting  may  be  done  only  to 
the  depth,  amount  and  extent  approved  by  the  contracting  officer.  Ap- 
proval of  the  method  of  blasting  by  the  contracting  officer,  as  specified 
in  this  sub-paragraph  will  not  relieve  the  contractor  of  his  responsibility 
in  blasting  operetion,  and  no  payment  will  be  made  for  any  rock  required 
to  be  excavated  outside  of  the  limit  lines  indicated  on  the  drawings  or 
below  the  grade  lines  established  in  the  field,  or  modifications  thereof 
directed  by  the  contracting  officer,  solely  due  to  injury  caused  by  the 
overshooting,  improper  blasting  or  carelessness  on  the  part  of  the  con- 
tractor, and  all  rock  thus  removed  shall  be  replaced  by  concrete  at  the 
expense  of  the  contractor,  including  the  payment  for  all  cement  used  in 
such  concrete  and  furnished  by  the  United  States.  No  blasting  sholl  be 
done  within  one  hundred  (100)  feet  of  concrete  which  has  been  in  place 
less  than  seven  (7)  days. 

3-11.  CfllLLING  EXPIjORATORY  AND  URUUT  hOl£S. 

(a)  Ganeral.  -  For  the  purpose  of  canvassing  bids,  the  approx- 
imate extent  of  a  tentative  program  for  drilling  exploratory  and  grout 
holes  is  outlined  in  these  specifications.  The  Government  reserves  the 
right, however,  to  alter  the  location  and  depth  of  the  exploratory  and 
grout  holes,  and  no  change  will  be  allowed  in  the  contract  unit  prices 
because  of  such  alteration.  The  contractor  shall,  at  the  proper  contract 
unit  prices,  drill  exploratory  and  grout  holes  at  such  locations  and  at 
such  inclinations  not  to  exceed  twenty  (20)  degrees  from  the  vertical, 
and  to  such  depths,  subject  to  the  limitations  hereinafter  specified, 

as  may  be  required  by  the  contracting  officer. 

(b)  Method  of  Rock  Core  Drilling.  -  Core  drilling  throiigh 
rock  shall  be  done  with  standard  core  drilling  equipment  using  diamond 
or  alloy  bits  designed  to  furnish  complete  standard  cores  a  minimum  of 
2  inches  in  diameter  from  holes  3  inches  in  diameter.  The  contractor 
shall  run  his  drills  at  such  speeds  as  will  insure  satisfactory  core 
recoveries,  and  the  contracting  officer  may  require,  without  compensation, 
the  redrilling  of  those  holes  from  which  the  cores  are  linsatisfactory  if 
the  contractor's  operations  are  at  fault, 

3-12.  isXPLORATORY  CORi.  HOLfcS  . 

(a)  Genera 1 .  -  The  foundation  area  covered  by  the  concrete 
dam  and  areas  adjacent  thereto  shall,  after  removing  overburden,  be 
further  explored  by  rock  core  drilling  as  specified  in  paragraph  'J-11, 
The  layout  of  holes  shall  be  as  directed  by  the  contracting  officer. 
These  holes  in  the  foundation  rock  are  intended  to  determine  the  loca- 
tion of  suitable  rock  for  the  foundation  of  the  concrete  dam.  Concreting 
shall  not  be  commenced  in  any  section  until  after  the  contractor  has 
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received  written  approval  of  the  foundation  for  piecing  concrete  for 
each  monolith. 

(b)  Rock  Cores.  -  Core  boxes  for  storing  the  2-inch  cores, 
see  paragraph  3-ll(b),  shall  be  furnished  tt  the  site  by  the  contractor. 
The  cost  of  the  boxes  and  spacers  shall  be  included  in  the  contract 
prices.  All  samples  shall  be  in  the  custody  of  the  contractor  until 
transported  from  the  site  by  a  representative  of  the  contracting  officer, 
and  while  in  his  custody  shall  be  protected.  All  boxes  shell  be  of  pine 
or  similar  soft  lumber  of  lightweight,  non-warping  and  capable  of  holding 
screws  without  splitting.  They  shall  be  neatly  and  substantia lly  con- 
structed with  suitable  partitions,  with  the  top  of  the  box  hinged  and 
with  suitable  hasp  fasteners.  Partitions  in  the  boxes  shall  run  length- 
wise, be  securely  fastened  and  shall  be  approximately  1/8  inch  farther 
apart  than  the  diameter  of  the  rock  core  to  be  placed  in  the  box. 
Spacers  to  separate  the  rock  core  obtained  by  each  run  shall  be  soft 
wooden  blocks  to  fit  between  the  core  box  partitions  and  li^  inches  in 
length.  The  core  boxes  shall  be  of  uniform  size  4  feet  in  length  and 
approximately  12  inches  in  width,  and  shall  meet  with  the  approval  of 
the  contracting  officer.  All  cores  shall  be  neatly  arranged  in  the 
sequence  in  which  they  are  removed  from  the  hole,  and  be  properly 
identified. 

(c)  Filling  with  Grout.  -  All  exploratory  core  holes  shall  be 
filled  with  grout  consisting  of  sand  and  canent  of  such  mixture  as  de- 
termined by  the  contracting  officer.  Sand  for  grouting  shall  be  as 

specified  in  paragraph  3~^3^^) '     "^^^   holes  shall  be  filled  with  grout 
by  means  of  equipment  for  pressure  grouting  as  described  in  paragraph 
3-13(d).   In  filling  the  exploratory  core  holes  no  leakage  tests  are 
required  and  the  hole  being  filled  shell  not  be  sealed. 

(d)  Payment .  -  All  measurements  for  payment  shall  be  made  by 
or  in  the  presence  of  an  authorized  representative  of  the  contracting 
officer.  Holes  will  be  measured  for  payment  for  the  number  of  linear 
feet  drilled  from  the  rock  surface  to  the  bottom  of  the  hole.  Payment 
will  be  made  at  the  contract  unit  price  per  linear  foot  for  "Drilling 
3-inch  Exploratory  Holes",  which  payment  shall  include  all  work  in 
connection  with  drilling,  core  recovery,  core  boxes,  and  storage  at 
the  site,  and  for  mixing  and  placing  the  grout  filling.  Cement  will 

be  furnished  by  the  Governisent  and  the  sand  will  be  paid  for  at  the 
contract  unit  price  per  cubic  foot  for  "Sand  in  Grout." 

3-13.   PBESSURii  GROUTIMG  FOUNDATION. 

(a;  Gprjprfl  1 .  -  A  grout  curtain  cut-off  shall  be  provided 
along  the  upstream  section  of  the  dam.  This  shall  be  done  by  pressure 
grouting  a  line  of  holes  drilled  from  the  elevation  of  the  grouting  gallery 
or  after  a  minimum  of  15  feet  of  concrete  has  been  placed.  All  grout- 
ing shall  be  done  before  the  cofferdam  controlling  the  section  of  the 
dam  being  grouted  is  flooded.  The  holes  through  the  concrete  may  be 
obtained  by  percussion  drilling  or  by  placing  1^   inch  pipe  prior  to 
concreting.  The  core  drilling  shall  be  performed  and  2-inch  cores 
recovered  as  specified  in  paragraph  3"I1'   The  contracting  officer  may 
require  approximately  5^  percent  of  the  cores  from  grouting  holes  to  be 
preserved  and  stored  in  core  boxes.  The  core  boxes  shall  be  constructed 
and  cores  stored  as  specified  in  paragraph  3-I2(b).  Poyment  for  core 
boxes  in  which  cores  from  grouting  holes  are  stored  will  be  made  as  a 
separate  item.  The  contractor  will  be  required  to  protect  the  concrete 
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surfaces  during  all  drilliog  and  grouting  operations  and  no  separate  payment 
will  be  made  for  such  protection.  When  the  drilling  of  each  hole  has  been 
completed,  the  hole  shall  be  protected  from  being  clogged  or  obstructed 
until  it  is  grouted.  Any  hole  that  becomes  clogged  or  obstructed  prior  to 
grouting  shall  be  opened  up  to  the  satisfaction  of  the  contracting  officer, 
and  no  separate  payment  will  be  made  therefor. 

(b)  Pressure  Testing.  -  Before  any  hole  is  grouted  it  shall  be 
pressure  tested  with  water  for  leakage  at  intervals  of  10  feet  throughout 
the  full  depth  of  the  hole.  The  contractor  shall  furnish  the  necessary 
equipment  and  make  the  tests.  The  equipment  shall  provide  capacity  sufficient 
to  test  the  grout  holes  at  pressure  up  to  I50  pounds  per  square  inch.  A 
suitable  gage  shall  be  installed  in  the  pressure  line  at  the  hole  being 
tested  so  that  pressures  in  the  hole  will  be  indicated  at  all  times.  A 
water  meter  reading  directly  to  0,1  cubic  foot  per  minute  shall  be  installed 
in  the  pressure  line  to  measure  the  leakage  from  the  hole.  The  pressure 
shall  be  varied  with  the  depth  at  the  direction  of  the  contracting  officer. 
From  the  test  results,  the  contractor  shall  furnish  information  indicating 
the  location  and  amount  of  each  leakage.  Payment  for  pressure  testing  will 

be  included  in  the  contract  unit  paMce  for  "Drilling  Foundation  Grout  Holes  in 
Rock". 

(c)  Procedure. 

(1)  The  first  line  of  grouting  holes  shall  be  drilled  at 
intervals  of  about  100  feet  across  the  dam  foundation  as  shown  on  the  draw- 
ings. The  holes  shall  be  drilled  and  cores  recovered,  as  specified  above, 

to  a  depth  of  100  feet  or  more  as  directed  by  the  contracting  officer.  These 
holes  shall  be  pressure  tested  as  specified  in  paragraph  B-lBi"^)   above. 

(2)  The  second  set  of  holes  shall  be  drilled  as  specified 
above  on  10-foot  centers  between  the  first  set,  and  to  a  depth  indicated  as 
necessary  by  results  obtained  from  the  first  set  of  holes  and  as  directed 
by  the  contracting  officer.  The  holes  on  10-foot  centers  shall  be  pressure 
tested  and  the  leakage  measured  as  specified  above. 

(3)  All  the  holes  on  10-foot  centers  shall  next  be  thoroughly 
washed  out  and  grouted  according  to  the  procedure  specified  in  paragraph 
3-13(e)»  Should  seams  connect  between  any  adjacent  grout  holes  these  holes 
shall  be  interconnected  and  simultaneously  washed  and  then  simultaneously 
grouted.   If  more  than  three  holes  join  any  one  seam,  seals  and  connections 
will  be  required,  of  a  design  approved  by  the  contracting  officer,  to  simul- 
taneously grout  the  holes. 

(4)  After  the  grout  holes  on  10-foot  centers  have  been  satis- 
factorily grouted  and  not  sooner  than  46  hours  thereafter,  teat  holes  shall 

be  drilled  midway  between  and  to  the  same  depth  as  the  adjacent  10-foot  holes. 
•Riese  test  holes  shall  be  drilled,  tested,  end  if  found  to  leak  more  than 
approved  by  the  contracting  officer,  they  shall  be  grouted  by  the  seme  method 
as  the  holes  on  10-foot  centers. 

(5)  Ttiia   method  of  drilling  and  grouting  shall  coritinue  until 
the  grouting  has  been  accepted  as  completed,  i.e.,  when  a  hole  is  drilled 
and  found  necessary  to  grout,  holes  shall  be  drilled  each  side  of  the  grouted 
hole  at  one-half  the  previous  interval,  and  the  same  testing,  washing-  and 
grouting  procedure  shall  be  followed  until  no  more  leakage  is  observed  or  as 
otherwise  directed  by  the  contracting  officer. 

(d)  Grouting  Equirxnent  to  be  Used.  -  The  equipment  to  be  used  for 
mixing  and  injecting  the  grout  shall  be  subject  to  the  approval  of  the  con- 
tracting officer.  The  grouting  unit  shall  provider 

(1)  A  grout  mixer  for  mixing  the  ingredients. 
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(2)  A  suitable  water  meter  with  straight-reading  register 
reading  to  the  nearest  0.1  cubic  foot  for  measuring  the  mixing  water. 

(3)  A  water  tank  for  auxiliary  water  supply  to  be  used  for 
pressure  testing,  flushing  pumps,  lines,  and  hole. 

(4)  -A  mechanically  agitated  sump  to  prevent  the  segregation 
of  ingredients  after  mixing  and  to  maintain  a  supply  during  the  mixing 
period. 

(5)  Two  duplex  piston  displacement  grout  pumps  so  piped  and 
assembled  as  to  provide  interchangeable,  continuous,  and  effective  injection 
of  grout  at  any  desired  pressure,  not  to  exceed  250  pounds  per  square  inch. 

(6)  Air  compressors  of  suitable  capacity,  water  pumps,  and 
auxiliary  equipment.  The  mixer  and  sumps  shall  each  have  a  volume  of  not 
less  than  15  cubic  feet.  The  assembled  unit  shall  allow  the  injection  of 
150  cubic  feet  of  solids  per  hour  at  I50  pounds  per  square  inch  pressure,  if 
desired.  The  grouting  equipment  shall  be  maintained  in  a  manner  satisfactory 
to  the  contracting  officer  and  so  as  to  insure  continuous  and  effective 
performance  during  any  grouting  operation.  Circulating  grout  lines  shall 

be  not  less  than  Ij  inches  in  diameter  and  are  to  be  controlled  by  suit- 
able valves  in  the  header  and  piping  so  that  all  or  pert  of  the  grout  can  be 
injected  into  the  hole,  or  all  or  part  returned  to  the  sump.  ^   suitable 
pressure  gage  shall  be  provided  at  the  hole  as  well  as  at  the  pump  for  indi- 
cating the  pressure  during  the  injection  of  grout.  The  pressure  gage  shall 
be  installed  in  the  header  near  the  hole  being  grouted.   Bypassitig  of  the 
grout  back  to  the  simip  tank  shall  be  near  the  hole  being  grouted  and  not  at 
the  machine.  Grout  stops  or  packers  and  hole  connections  are  to  be  provided 
which  shall  consist  of  a  double  sealing  unit  5  feet  long.  The  expanding  seals 
at  each  end  shall  be  composed  of  rubber  and  have  a  length  of  6  incnes  by  3 
inches  in  diameter  as  directed  by  the  contracting  officer.  Miscellaneous 
calking  tools  and  hanmers  and  necessary  labor  for  calking  will  be  furnished 
by  the  contractor  as  directed  by  the  contracting  officer. 

(e)  Composition  of  Grout  and  Method  of  Placement.-  Grout  shall 
consist  of  a  mixture  of  neat  Portland  cement  and  water  in  proportions  as 
directed  by  the  contracting  officer,  or  sand  or  rock  flour  may  be  mixed  with 
grout  in  proportion  not  to  exceed  1  cement  to  3  sand  or  rock  flour.  The  type 
and  mixture  of  grout  to  be  used  will  be  determined  by  the  nature  of  the  seams 
to  be  grouted  and  as  directed  by  the  contracting  officer.  Sand,  if  used, 
shall  be  of  such  fineness  that  100  percent  will  pass  a  No.  28  standard  sieve 
and  25  percent  will  pass  a  No.  100  sieve.  Rock  flour,  if  used,  shall  be  dust 
obtained  by  crushing  dolomite  rock  and  it  shall  be  at  least  as  fine  as  specified 
above  for  sand.  Cement  for  grouting  will  be  furnished  by  the  Government  in 
paper  bags,  see   paragraph  l-lO(d).  Prior  to  pressure  grouting,  all  grout  holes 
shall  be  sounded  and,  if  necessary,  shall  be  thoroughly  washed  and  cleaned  with 
water  under  continuous  pressure  or  by  compressed  air  and  water  in  a  manner 
which  will  permit  free  overflow  of  waste  water,  by  inserting  a  smalD.er  pipe 
and  introducing  the  wash  water  at  the  bottom  of  the  hole.  The  speed  of 
operation  of  the  grout  pump  and  the  grouting  pressure  will  be  es  directed  by 
the  contracting  officer.   In  general,  it  is  expected  that  pressures  up  to 
150  pounds  per  square  inch  will  be  required  for  the  deeper  sections  of  the 
holes,  while  lower  pressures  will  be  used  for  the  upper  zones.  Grouting  shall 
be  continued  until  the  hole  takes  the  grout  mixture  at  a  rate  of  less  than  one 
cubic  foot  in  10  minutes  under  the  required  grouting  pressure,  and  the  sprout- 
ing of  any  hole  shall  be  discontinued  when  directed  by  the  contractiing  officer. 
The  contracting  officer  may  require  that  the  grouting  of  any  holes  be  tempor- 
arily suspended  if  work  is  proceeding  in  an  unsatisfactory  manner,  and  the 
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hole  protected  by  suitable  means  until  grouting  is  resumed.   In  the  event 
of  an  unavoidable  delay  during  grout  injection,  the  contractor  shall  supply 
water  at  not  less  than  the  specified  grouting  pressure  for  application  to  the 
hole  as  directed  by  the  contracting  officer.  When  the  grouting  of  any  hole 
has  been  commenced,  it  shall  be  continued  until  completion,  unless  otherwise 
directed  by  the  contracting  officer.  After  grouting  operations  for  any  hole 
have  been  completed  and  the  grout  set,  or  if  the  rock  about  any  hole  is  in 
such  sound  condition  that  pressure  grouting  is  not  necessary,  the  hole  shall 
be  completely  filled  with  grout.  /Then  a  hole  during  the  grouting  procedure 
shows  back  pressure  it  shall  be  capped  or  otherwise  sealed, 
(f )  Measurement  and  Payment. 

(1)  Measurement  for  payment  of  holes  in  concrete  will  be 
from  the  plane  of  entry  of  the  drill  at  the  concrete  surface  to  the  bottom 
of  the  concrete.  Measurement  for  payment  for  holes  in  rock  will  be  from  the 
plane  of  entry  of  the  drill  at  the  rock  surface  to  bottom  of  hole.  Payment 
for  drilling  grout  holes  in  concrete  and  rock  will  be  made  at  the  contract 
unit  price  per  linear  foot  for  "Drilling  foundation  Grout  Holes  in  Concrete" 
and  "Drilling  Foundation  Grout  Holes  in  Rock"  respectively,  which  payment 
shall  include  drilling,  pressure  testing,  protection  of  the  ccmpleted  hole 
and  all  costs  in  connection  therewith.  If  the  contractor  uses  4~iiich  pipe 
for  the  holes  throiigh  concrete  in  lieu  of  drilling  he  will  be  paid  for  such 
holes  as  are  authorized  to  be  used  at  the  same  rate  as  though  the  holes 
were  drilled. 

(2)  Core  boxes  that  may  be  required  to  store  cores  from  grout 
holes  will  be  paid  for  at  the  contract  unit  price  each  for  "Core  Boxes",  which 
payment  shall  include  all  costs  for  transporting  and  storage  in  connection 
therewith, 

(3)  Payment  for  grouting  will  be  made  at  the  contract  unit 
price  per  cubic  foot  for  "Pressure  Grouting".  The  volume  of  grout  will  be 
considered  to  be  equal  to  the  volume  of  cement  and  sand  or  rock  flour  used* 
This  payment  shall  include  washing  and  jetting  of  grout  holes,  and  all 
materials,  equipment,  and  labor  necessary,  except  that  cement  will  be  furnished 
by  the  United  States  and  sand  or  rock  flour  will  be  paid  for  separately. 

No  payment  will  be  made  for  grout  lost  due  to  improper  anchorage  of  grout 
pipes  or  connections,  nor  for  grout  rejected  by  contracting  officer  because 
of  the  improper  mixing. 

(k)     Payment  for  furnishing  sand  or  rock  flour  used  in 
grouting  will  be  made  at  the  contract  unit  price  per  cubic  foot  for  'Sand 
in  Grout"  or  "Rock  Flour  in  Grout". 

3-14.  FOUNDATION  DRAINS. 

(a)  Drain  pi pea.  -  Prior  to  the  placing  of  concrete,  8-inch 
black  steel  pipes  shall  be  set  in  the  foundation  at  approximately  30"^oo* 
centers  in  vertical  or  inclined  positions  not  to  exceed  20  degrees  inclina- 
tion from  the  vertical,  as  shown  on  the  drawings,  or  as  otherwise  directed 
toy  the  contracting  officer.  Pipes  shall  be  adequately  supported  during  the 
concreting  operations  to  preserve  the  required  alignment.  Covers  and  drains 
shall  be  furnished  and  installed  as  shown  on  the  drawings. 

(b)  Drain  Holes.  -  Drain  holes  6  inches  in  diameter  shall  be 
drilled  through  the  drain  pipes  after  fisundetion  grouting  has  been  completed, 
to  depths  as  directed  by  the  contracting  officer,  but  not  to  exceed  100  feet 
below  the  bottoms  of  the  pipes. 

(c)  Measurement  and  Payment.  -  Payment  for  furnishing  and  installing 
drain  pipes  including  covers  will  be  made  at  the  contract  unit  price  per 
pound  for  "Pipe;  Black  Steel,  8-inch".  Payment  for  drilling  drain  holes 
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will  b«  made  at  the  contract  unit   price  per  linear  foot  for  •Drilling  6-inch 
Holss".     Payment  will  be  made  only  for  the   linear  feet   drilled  below  the 
bottoms  of   the  drain  pipes. 

3-15.      DRIJ-LING  6-INCH  CONCRETfc  CORES. 

(a)  General.    -  The  contractor  shall  drill  holes   in   the  concrete 
at   such   locations  and   to  such  depths  as  may  be  directed  by   the  contracting 
officer   in  order  to  obtain  concrete  cores  6   inches   in  diameter  in  lengths 
satisfactory  for  testing.     A  tolerance  of  i  ir^^h  will  be  prrmitted  in  the 
diameter  of  the  cores.     The  contractor  shall    mark  each  core  with  black  paint 
giving   location  end  elevation.     Upon  completion  01    drilling,    the  contractor 
shall  refill   the  hole  with  well  rodded  concrete  of  the  same  mix  and  water 
content  as   that  from  which  the  core  was  taken. 

(b)  Measurement  and  Payment.    -  Payment  for  drilling  6-inch  con- 
crete cores  and  for  Eefilling  holes  with  concrete  will  be  made  at   the  con- 
tract unit  price  per  linear  foot  for   "Drilling  6-inch  Concrete  Cores*,   for 
actual  core   lengths  drilled  and  recovered.     The  quantity  shown  in   the  bid- 
ding schedule   for   "Drilling  6-ihch  Concrete  Cores"    is  given  only  for   the 
purj~ose  of  canvassing  bids  and   the  Government  does  not  guarantee  that  any 
of  this  work  will  be  required  or  that   the  quantity  will  be  limited   to  the 
amount  estimated. 
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specif lcatioa«:  long  Sault  Dam 

SECTION  IV 

EMBANKMENTS,  BACKFILL,  AND  PROTECTION  STONE 

4-01.     DEFINITION.  •  1b«  term  "Eaibankments*  as  used  in  this  section 
includes  the  coopacted  earth  fill  of  the  wing  dams  and  dike;    the  cos^ 
pacted  earth  ba^fil  around  the  bulkhead  sections  of  the  concrete  dam 
and  behind  the  training  walls;   the  sand  and  gravel  backing,  riprap  pro- 
tection, and  filter  blankets  of  Ihe  abutment  slopes,  dike  and  wing  dams; 
and  all  other  specified  or  directed  fill  and  slope  protection  except 
cofferdam,   railroad,  and  highway  fills. 

4-02.     GiNERiL  PROVISIONS. 

(a)  Lines  and  Grades.  -  The  eoibanlaiients  shall  be  constructed 
to   the  lines  and  grades  shown  on  the  drawings  or  othenrise  required  by 
the  contracting  officer,     llie  contracting  officer  reserves  the  right 

to  change   the  foundation  widths,  change   the  slopes  and  dimensions  of 
the  embankments,  change  the  dimensions  and  slopes  of  the  foundation 
cut-off  trenches  and  change  the  shape  and  thickness  of  the  dumped 
riprap   protection  and  make  such  other  changes  as  future  studies  and 
conditions  on  the  work  indicate  as  necessary  for  the  construction  of 
a     safe  and  permanent   structure  as  determined  by  the  contracting  officer. 
Changes  in  quantities  of  materials  resulting  from  changes  in  sections 
shall  be  no   cause  for  claims  of  increased  contract  \mit  prices. 

(b)  Materials.-  Materials  for  the  various  sections  of  the 
embankments  shall   conform  to   the  respective  requirements   specified  in 
the  following  paragraphs  of  this  section.     No  brush,  roots,    sod,  and 
perishable  or  objectionabteiuaterials,   as  determined  by   the  contracting 
officer,  shall  be  placed  in  the  embankments.     Any  objectionable  material 
placed  in  the  entoankments  shall  be  removed  by  the  contractor  as  directed 
by  the  contracting  officer,  without  cost  to  the  Government.     The  suita- 
bility of  each  part  of  the  foundation  fbr  placing  embankment  materials 
thereon  and  of  all  materiel s   for  use  in  an  embankment  will  be  determined 
by  the  contracting  officer.  No  materials   shall  be  placed  in  an  embank- 
ment when  either  the  materials  or  the  foundation  on  which   they  are  to 

be  placed  is   frozen. 

(c)  Conduct  of   the  Work.-  The   contractor  shall   at  all   times 
maintain  the  embankments  in  conformity  with  paragraph  4-04(c)  and  in  a 
manner  satisfactory  to   the  contracting  officer  until   the  final   completion 
and     acceptance  of  all  work  under   the  contract.     The  contractor  may     be 
required  to  suspend  work  at  any  time  when,   in  the  opinion  of  the  con- 
tracting officer,   satisfactory  work  cannot  toe  done  on  account  of  rain, 
floods      ,   cold  weather,  or  other  unsatisfactory  conditions.     Any  approved 
embankment  material  which  is  lost  or  rendered  unsuitable  after  being 
placed  in  an  embankment  and  before  the  con^jletion  and  final  acceptance 

of   the  work,   due  to  causes     that,   in  the  opinion  of  the  contracting 
officer,  are  avoidablet     or  under  the  control  of  the  contractor,   shall 
be  replaced  by  the  con.tractor  in  a  manner  satisfactory   to   the  con- 
tracting officer  and  without  cost  to   the  Government.     The  contracting 
officer  may  require  the  coniractor  to  remove  without  cost  to  the 
Government  any  material  placed  by  the  contractor  outside  of  specified 
slope  lines. 

(d)  Order  of  Woik.   -  The  contractor  shall  be  required  to 
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organize  the  work  so  that  suitable  rock  and  earth  fill  materials 
obtaiaed  from  the  eicavatins  for  the  construction  of  concrete  struc- 
tures may  be  placed  directly  in  the  portions  of  the  wing  dams  between 
the  ends  on  the  natural  ground  and  points  I50  feet  from  the  top  of  the 
excavation  slopes  for  bulkhead  sections.  After  the  bulkhead  sections 
of  the  dam  and  the  training  woiis  are  constructed,  the  backfilling, 
the  abutment  embank nents,  and  unfinished  portions  of  the  wing  dams 
shall  oe  constructed  wr  laateriaia  obtained  from  stock  piles  provided 
as  specified  in  paragraph  3-06(b)  or  may  be  excavated  from  the  upstream 
sections  of  the  abutments. 

4-03.  PREPARATION  OF  FOUNDATION  FOR  BJBANKMINT. 

(a)  Ge^dral.  -  The  foundations  for  the  embankments  shall 
be  stripped  and  excavated  as  specified  in  Section  III.  The  test  pits, 
stump  holes  and  other  excavated  areas,  depressions  and  cavities  within 
the  limits  of  the  embankment  shall  be  filled  with  compacted  earth  as 
directed  by  the  contracting  officer.  The  earth  fill  shall  be  placed 
in  layers,  moistened  and  compacted  in  accordance  with  paragraph  ij.-04. 
As  the  fill  is  brought  up,  the  side  slope  of  the  cut  or  hole  shall  be 

Scarified,  if  in  the  opinion  of  the  contracting  officer,  it  is  required, 
in  order  to  provide  a  bond  between  the  fill  and  the  original  ground 
material.  The  sides  of  all  holes  shall  be  broken  down  if  necessary  so 
as  to  flatten  out  the  slopes,  and  the  hole  then  filled  with  approved 
material  and  Properly  rolled  or  tamped  in  place.   Immediately  prior 
to  placing  materials  in  the  dike  and  wing  dams,  the  entire  foundation, 
except- areas  to  be  covered  by  sand  and  gravel  filter,  shall  be  scari- 
fied to  a  depth  of  4  inches.  A  4-J^Jio^  layer  of  embankment  material 
shall  be  spread  and  compacted  as  specified  for  Class  I  fill  in  para- 
graph 4-04(e)«  The  foundation  upon  which  fill  is  placed  shall  be  in 
a  suitable  dry  condition,  as  determined  by  the  contracting  officer. 

(b)  Measurement  and  Payment.  -  Payment  for  the  fills  in 
the  foundation  areas  indicated  above,  including  the  spreading,  rolling 
and  wetting  where  required  will  be  made  at  the  contract  unit  price  per 
cubic  yard  for  "Earth  Fill;  Compacted".  No  payment  as  a  separate  item 
will  be  made  for  other  work  necessary  for  the  preparation  of  the 
foundation  including  the  dewatering  in  the  foundation  areas  of  the 
embankments,  but  the  cost  of  these  items  shall  be  included  in  the 
contract  unit  prices  for  the  other  items  of  work  connected  with  the 
embankments. 

4-04.   COMPACTED  EARIH  FILL. 

(a)  General «  -  The  earth  sections  of  the  ernbankments  shall 
be  constructed  of  Class  I  and  Class  II  compacted  fill  as  shown  on  the 
drav/ings.  The  center  section  of  the  dike  and  wing  dams  shall  be  com- 
posed of  Class  I  compacted  fill,  rolled  and  compacted  as  specified  in 
paragraph  4-04(e)  below.  Upstream  and  downstream  sections  of  the  dike 
and  wing  dams  and  backfill  behind  training  walls  sliall  be  composed  of 
Class  II  companted  fill,  rolled  and  compacted  as  is  specified  in  paragraph 
4-04(e).  Backfill  within  50  feet  of  the  bulkheads  shall  be  composed 

of  Class  I  compacted  fill,  and  beyond  ^0   feet  shall  be  Class  II  com- 
pacted fill. 

(b)  Material  for  the  earth  fill  sections  of  the  ernbankments 
including  backfill  around  the  bulkhead  sections  of  the  dam  shall  be 
secured  from  the  designated  borrow  areas  or  from  stock  piles  in  the 
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maimer  specified  in  paragraph  Jh04t  froQi  the  excavations  for  the  con- 
struction of  the  concrete  structures,  from  excavation  necessary  for  the 
flattening  of  the  slopes  at  the  abutments,  and  if  directed  by  the  con- 
tracting officer,  from  excavation  for  the  foundation  cut-off  trenches 
for  the  dike.  The  materials  for  both  Class  I  and  Class  II  compacted 
fill  in  genaral  will  be  a  well  graded  clayey  or  silty  sand  and  gravel. 
NO  stooes  uriiica  would  ue  retained  on  a  6-inch  screen  will  be  pexmitted 
in  the  daas  I  ccotpacted  earth  fill .  no  stones  which  would  be  retained 
on  an  8- inch  screen  will  be  permitted  in  the  Class  II  compacted  earth 
fill.  Should  stones  of  such  size  be  found  in  the  otherwise  approved 
earth  fill  embankment  materials,  they  shall  be  removed  by  the  con- 
tractor. Suitable  stones  removed  loay  be  used  for  riprap  as  specified 
in  paragraph  4-07*  Each  load  of  material  to  be  placed  in  the  compacted 
earth  fill  shall  be  the  equivalent,  as  nearly  as  practicable,  of  a 
mixtTire  of  materials  obtained  from  an  approximately  uniform  s  trip  or 
cutting  f?om  the  full  height  of  a  lift  in  excavation.  The  combined 
excavation  and  embankment  placing  operations  shall  be  such  that  the 
materials  when  compacted  in  the  fill  will  be  blended  sufficiently  to 
secure  the  greatest  homogeneity  and  desired  density. 

Any  material  encountered  in  the  required  excavation  that  meets 
the  requirements  of  paragraphs  4-Q5  or  4-06  may  be  used  for  the  filter 
o.r  sand  endgravel  backing  as  directed.  Additional  materials  required 
for  the  filter  or  sand  and  gravel  backing  not  obtainable  from  required 
excavation  shall  be  ob.tained  from  other  sources  by  the  contractor. 

(c)  Placement.-  The  distribution  and  gradation  of  materials 
throughout  the  earth  fill  sections  of  the  embankments  shall  be  such 
that  the  embankments  .vill  be  free  from  lenses,  pockets,  streaks  or 
layers  of  materials  differing  materially  in  texture  or  gradation  from 
the  surrounding  material.  The  dumping  of  successive  loads  of  earth 
fill  materials  from  the  different  parts  of  the  borrow  pits,  stock  piles 
or  required  excavations  shall  be  at  locations  in  the  embankment  as 
directed  by  the  contracting  officer,  and  for  this  purpose,  the  contract- 
ing officer  may  direct  the  points  in  the  embankments  where  individual 
loads  of  material  shall  be  deposited,  to  the  end  that  the  more  pervious 
material  shall  be  placed  in  the  downstream  section  of  the  dike  and  wing 
dams  and  in  the  outer  sections  of  the  backfill.  After  dumping,  the 
materials  shall  be  spread  by  bulldozers  or  other  approved  methods  in 
approximately  8- inch  layers  over  the  prepared  foundation  or  fill. 
Materials  within  18  inches  of  concrete  walls  and  in  other  areas  where 
compacting  by  rolling  is  impracticable  as  determined  by  the  contracting 
officer,  shall  be  spread  in  layers  4  inches  in  thickaess  >>efore  com- 
pacting. All  layers   shall  extend  at  an  approximately  uniform  elevation 
over  the  entire  width  of  the  cross  section  of  the  embankment  and  for 
the  entire  length  of  the  section  under  constructinn  xinless  otherwise 
directed  by  the  contracting  officer.  The  top  surfaces  of  the  earth 
fill  sections  of  the  embankments  during  construction  shall  be  kept 
crowned  with  grades  not  less  than  2  nor  more  than  4  percent,  so  that 
the  surface  of  the  fill  will  drain  freely  toward  the  slopes.   The 
surface  of  the  fill  shall  be  maintained  at  all  times  in  such  a  manner 
that  no  water  pockets  will  be  formed  under  any  weather  conditions.  If 
work  is  stopped  on  any  part  of  the  Class  I  compacted  earth  fill  or 
backfill  for  a  period  of  time,  the  area  to  remain  standing  shall  be 
rolled  with  a  smooth-faced  roller  to  prevent  loss  of  moisture  and  to 
facilitate  drainage.  If,  in  the  opinion  of  the  contracting  officer, 

the  rolled  surface  of  any  layer  of  any  section  is  too  smooth  to  bond 
properly  with  the  succeeding  layer  or  adjacent  section,  it  shall  be 
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roughened  or  loosened     by  scarifying  to  the  satisfaction  of  the  con- 
tracting officer  before   the  succeeding  layer  Is  placed  thereon. 
Rats  in   the   surface  of  any  layer  shall  be  filled  in  a  manner  satis- 
factory  to  the  contracting  officer. 

(d)  Moisture  Control. 

(1)  The  material  in  each  layer  of  fill  vrhile  being 
ccmpacted  shall  contain  moisture  within  a  few  percent  of  the  optimum, 
as  determined  by  the  contracting  officer,  for  the  compaction  desired. 
Prior  to  and  during  construction,  the  contracting  officer  will  establish 
the  limiting  ranges  of  moisture  contents  for  materials  to  be  compacted 
in  Class  I  fill  and  Class  if  fill.  The  moisture  content  shall  be  uni- 
form throughout  the  layer.  Tf  the  application  of  water  is  necessary, 

it  may  be  done  either  a  t  the  borrow  area  or  at  the  embankment. 
Wetting  at  the  excavation  area  shall  be  supplemented  as  required  by 
sprinkling  in  place  on  the  embankment,  if  in  the  opinion  of  the  con- 
tracting officer  it  is  neces  st-ry.  The  contractor  shall  maintain  adequate 
facilities  to  provide  the  amount  of  water  required. 

(2)  No  layer  of  material  shall  be  placed  if  the  moisture 
content  of  the  exposed  surface  on  which  it  is  to  be  placed  is  not 
within  the  range  established  by  the  contracting  officer.  The  contractor 
shall  correct  the  moisture  content  of  the  compacted  layer  if  the  moisture 
content  is  not  within  the  required  liadta. 

(e)  CStapaction.-  Class  I  fill  and  Class  II  fill  shall  be 
rolled  and  compacted  with  the  equipment  listed  in  paragraph  (f)  below. 
Each  layer  of  Class  I  fill  shall  be  compacted  by  not  less  than  6  passes 
or  trips  and  each  layer  of  Class  II  fill  shall  be  compaisted  by  not  less 
thc?-n  2  passes  or  trips  of  a  sheepsfoot  roller.  In  areas  within  18  inches 
of  concrete  walls  and  other  areas  where  rolling  operations  are  impracti- 
cable, as  determined  by  the  contracting  officer,  compaction  shall  be 
obtained  with  power  tampers  of  a  type  approved  by  the  contracting  officer 
to  give  compaction  equal  to  that  required  for  the  adjoining  compacted 
earth  fill.  Each  pass  of  a  roller  shall  overlap  the  adjacent  rolled 
area  by  at  least  2  feet.   If  the  moisture  content  is  greater  or  less 
than  that  required  for  compaction,  the  rolling  or  tamping  shall  be 
delayed  until  the  proper  moisture  content  as  determined  by  the  con- 
tracting officer  has  been  reached. 

(f)  Equipment  for  Compaction  by  Rolling.-  Equipment  consist- 
ing of  an  oscillatii^  double  section  sheepsfoot  tamper  roller,  pulled 
by  a  crawler  type  tractor  weighing  not  less  than  20,000  pounds  and 
which  is  weighted,  or  equipped  with  a  bulldozer,  or  both,  to  increase  its 
total  ffeitfht  to  not  lesG  than  29f000  pounds,  shall  be  used  for  compact- 
ing the  fill.   The  use  of  lODre  than  2  rollers  in  tandem  will  not  be 
peimitted.  The  design  and  operation  of  the  compacting  equipment  shall 

be  subject  to  the  approval  of  the  contracting  officer.  The  speed  of 
the  compacting  equipment  shall  be  not  more  than  2^  miles  per  hour. 
Each  drum  of  the  oscillating  double  section  sheepsfoot  tamper  roller 
shall  be  approximately  k   feet  in  width  and  shall  have  tamping  feet  uni- 
formly staggered  over  its  cylindrical  surface  and  be  provided  with 
cleaners.  Each  tamping  foot  shall  project  approximately  7  inches  from 
the  roller's  cylindrical  surface  and  at  no  time  during  operation  shall 
have  a  face  area  less than  5  nor  more  than  7  square  inches.   The  spacing 
shall  be  such  as  to  provide  not  less  than  1^  tamping  feet  for  each 
square  foot  of  cylindrical  surface.  The  sheepsfoot  roller  shall  be 
weighted  so  that  the  total  weight  of  the  roller  and  ballast  in  pounds 
divided  by  the  total  areas  of  the  maximum  number  of  tamping  feet  in 
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one  row  generally  parallel  to  the  axis  of  tke  roller  shall  provide  for 
a  range  of  250  to  400  pounds  per  square  inch  by  varying  the  roller 
ballait. 

(g)     Tests  for  Compaction,   -  Samples  for  testing  of  all 
materials  in  the  embankments,  both  before  and  after  placement  ai^^ 
compaction,  will  be  taken  by  the  contracting  officer  at  frequent  inter- 
vals.    Corrections,   adjustments , and  modifications  of  methods  may  be 
required  as    the  result  of  these  tests,   for  materials,  moisture  content, 
or  additional  ccxnpaction  of  the  materials  in  the  enbaitcment.     m  taking 
samples  for  control  and  record  purposes,   the  contractor  shall  supply 
labor  required   to  assist  the  inspector,  as  directed  by  the  contracting 
officer.     During  the   construction  of   the  embankments,   it  may  be  necessary 
for  "the  contractor  as  directed  by  the  contracting  officer  to  construct 
ttest  embankments  which  will    fona  part  of   the  completed  fill    to  determine 
the  number  of  passes  or  moisture  content  necessary  to  obtain  the  desired 
compaction. 

(h)     Additional  Compaction.  -  If  the  tests  specified  above  in- 
dicate that   the  desired  compaction  of  the  materials  in  the  compacted 
earth  fill   sections  of  the  embankments  is  not  secured  by  the  compaction 
specified  in  paragraph  4-04(e)t  additiohal  compaction  may  be  required 
by  the  contracting  officer.     Additional   con?)action  shall   consist  of 
making  not  less   ti«an  2  passes  of  a  sheepsfoot  roller  specified  in  para- 
graph 4-04(f)  over  suoh  designated  areas.         Each  pass  of  a  roller 
sbail  Overlap  the  adjacent  rolled  area  by  at  least  2  feet.     This  pro- 
cedure will  be  repeated  as  often  as  Is  necessary  to  obtain  the  desired 
conqMCtion. 

(i)     Measurement  and  Payment. 

(1)  Measurement  for  con5)acted  earth  fill  placed  in  em- 
bankments will  be  made  between  the  lines  indicated  on  the  drawings  aiad 
the  required  strippiiig  or  (>xcavatlon  lines.     Payment  for  Class  I  and 
Class  II  compacted  earth  fill  will  be  made  at  the  contract  unit  price 
per  cubic  yard  for  "Earth  Fill;  Compacted,"  which  payment  ^all   include 
all   incidental  work  specified  or  required  such  as  transporting  and 
spreading,  mixing,   scarifying,  harrowing,  moistening,   drying,    compacting, 
removing  oversize  stones  and  objectionable  materials. 

(2)  Payment  for  each  additional  two  passes  of  a  roller 
as  required  by  tiie  contracting  officer  will  be  made  at  the   contract  unit 
price  per  square  (100     sq.  Ft  )  for  "Additional  Compaction". 

4-05.     FILTER. 

(a)  General .^  Filters  shall  be  constructed  at  the  locations 
and  to  the  lines  and  grades  shown  on  the  drawings,  or  at  such  other 
locations  as-may  be  required  by  the  contracting  officer,  and  shall  be 
placed  and  compacted  the  same  as  for  Class  II  compacted  fill .  The 
material  shall  conform  to  the  requirements  specified  In  the  following 
paragraph  and,  if  practicable  during  construction,  shall  be  kept  to 
the  same  height  as  the  adjacent  fill  material . 

(b)  Filter  Material.  -  Tlie  material  for  filters  shall  be  well 
graded  sand,  or  sand  and  gravel,  which  after  placement,  shall  contain  at 
least  40  percent  by  weight  which  will  pass  the  1/4- inch  mesh  screen  and 

no  stones  shall  be  larger  than  6  inches.  Of  the  material  passing  the  1/4- 
inch  screen,  at  least  80  percent  by  -veight  shall  pass  a  No.  10  mesh  screen, 
and  not  more  than  10  percent  shall  pass  the  No.  200  mesh  screen.  Samples 
of  the  material  the  contractor  proposes  to  use  shall  be  submitted  to  the 
contracting  officer  at  least  30  days  prior  to  the  date  that  the  contractor 
plans  to  commence  placement  of  filter. 
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(c)     Measurement  and  Payment.  -     Measurement  of   filter  material 
will   be  made  between   the  lines  indicated  on  the  drawings,  or  as  modified 
by  the  contracting  officer.     Payment  for  famishing  andplacing  filter 
material,   regardless  of  source   (see  paragraph  I-I6)  will   be  made  at  the 
contract  unit  price  per  cubic  yard  for  "Filter". 

4-06.      SAND  AND  GRAVEL  BACKING. 

(a)  General.    -  Sand  and  gravel  backing  for  riprap  on  slopes 
shall  be  constructed  to   the  lines  arid  grade?  shown  On  the  drawings. 
During  construction  the  placing  shrdl  be  kept  at  substantially  the  same 
level    as   the  compacted  earth  fill. 

(b)  Material.  -  Material   for  sandand  gravel  backing  shall    con- 
sist of  bank   run   sand  and   gravel  of  which   the  material  after  placement 
shall   contain  from  30  to  60  percent  by  weight  retained  on  the  1/4- inch 
mesh   screen,   and  no   stones   shall  be  larger   than  6  inches.     Of  the  mate- 
rial passing  the  1/4- inch  mesh  screen,  not  more  than  20  percent  shall 
pass  the  No.    200  mesh   screen.     J'amples  of  proposed  material    shall  be 
submitted   (See  paragraph  4-05(^)   )• 

(c)  Measurement  and  Payment.-  Measurement  of  sand  and  gravel 
backing  material   will  be  made  between  the  lines   indicated  on  the  drawings, 
or  as  modified  by   the  contracting  officer.     Payment  for  furnishing  and 
installing  backing  material,   regardless  of  source,   (see  paragraph  I-I6) 
will  be  made  at   the  contract  unit  price  per  cubic  yard  for  "Sand  and 
Gravel  Backing." 

4-07.      RIPRAP. 

(a)  Classification.   -  All   lock  for   the  riprap  protection  of 
the  embankments   shall  be  clean,   sound,   ai^-.d  durable,  and  as  approved  by 
the   contracting  officer.      It   ^all  be  obtained  finm  the  required  rock 
excavation  and  earth   fill  material.     Shale  amd  other  rock  which  in  the 
opinion  of  the  contracting^  officer  will  not  endure  frost  action  shall 
not  be  used.     Riprap  shall  be  composed  of  the  following  two     classes  of 
ma  terial : 

(1)  Class  A.  -  Eighty  percent  of  the  Class  A  riprap  shall 
be  pieces  weighing  over  500  pounds  and  the  remainder  shall  vary  with  fair 
uniformity  to  a  minimum  weight  of  200  pounds.  The  least  dimension  of  any 
stone  shall  be  not  less   than  one-third  its  greatest  dimension. 

(2)  Class  B.  -  This  riprap  shall   consist  of  rocks  weigh- 
ing in  general  not  over  250  pounds,  of  which  not  more  tha  n  10  percent  of 
the  "^hole  shall  be  formed  of  pieces  weighing  lessthan  15  pounds  which 
shall  be  .veil   distributed   throughout  the  mass. 

(b)  Pl acement .   -  Riprap  shall  be  dumped  in  the   sections  to   the  line 
and  grades  shown  on  the  drawings  or  as  directed  by  the  contracting  officer. 
Ttie  different  sizes  of  each   class   shall  be  well   distributed  within  the 
section.      Care   shall  be   taken  in  dumping  and  placing  not  to  disturb   the 
underlying  fill.      The  riprap  forming  the  downstream  toe  of  the  dike  and 

wing  dams  shall   be  placed  in  approximately  horizontal  layers  not  exceed- 
ing 3  feet  in   thickness   "s  the   con5)acted  earth  fill   progresses,  and   shall 
be  kept   substantially   the     same  level   as    the   compacted  earth  fill.      The 
dumped  riprap  on  the  upstretim  slope  of  the  dike  and  wing  dams  and  on  the 
slopes  of   the  abutments  may  be  placed  any  time  during  the   construction 
of  the  embankments  providing     that,    the  level  of  the  riprap  shall  not   exceed 
the  level  of   the   compacted  earth  fill    section;   any  change  in   the  slopes 
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of  the  compacted  earth  fill   including  slides  and  washout  shall  be  repaired 
by  the  contractor  as  directed  by   the  contracting  officer  at  no  cost  to 
the  Government.      In  the   areas  where  Class  B  dixmped  ilprap  will    form  the 
final   surface ,    such  hand  placing  of  the  finished  rock  surface   will  be  re- 
quired as  vill    insure  a  reasonably  smooth  and  continuous   s  urface  to   the 
slope  lines   shown  on  the  drawings  or  as  modified  by  Ihe  contracting  officer 
with  a  tolerance  not   exceeding  plus  or  minus  9  inches.  At   the  end  of  a 
working  season  for  placing   compacted  earth   fill,    the  dumped  riprap  sections 
shall  be  complete. 

(c)     Measurement  and  Payment*   -  Measurement   for  riprap  in  the 
dumped  riprap   sections  will   be  made  in   the  embankments  between  slope 
lines  and  grade  lines  shown  on  the   draarings  or  as  .modified  by  the  contract- 
ing officer.     Payment  for  the   two  classes  of  riprap  will  be  made  at   the 
contract  unit  prices  per  cubic  yard  for   "Riprap,  Dumped;    Class  A"  and 
"Riprap,   Dumped;   Class  B"  which  will   include  payment  for  excavation  f  nam 
stockpiles,    the  selection  of  materials,   cleaning,  hauling,  placing,  and 
all  other  work  required  for  the  completion  of  the  riprap  sections  in 
accordance   vith   these  specifications. 

4-08.     SEEDING  AND  SEEDED  TOPSOIL. 

(a)  Preparation  of  Seed  Bed.  -  The  areas  indicated  on  the  draw- 
ings or  required  by  the  contracting  officer  shall  be  covered  with  topsoil. 
All  other  areas   to  be  seeded  but  not  requiring  topsoil  as  directed  by  the 
contrcicting  officer  shall,  prior  to  fertilizing  and  seeding,  be  harrowed 
or  raked  until   the   sbil  has  become  loosened  and  pulverized.     All   sticks, 
litter,   loots,  weeds,   stones  larger  than  1   inch  in  diameter,  and  other 
objectionable  materials  shall  be  removed  to  a  depth  of  2  inches.     Areas 
requiring  topsoil    shall  be  covered  with  top.*il   to  a  depth  of  not  less 
than  4  inches  after  compaction.     The  topsoil   shall   be  compacted  by  an 
approved  method.     The  surface  of  all    seed  areas  shall  be  trimned  8Ad 
raked  to  conform   to    flnianea  gradaa,  after  idtieli  tfaa  soil  shall  be  fertil- 
ized as  specified  below.     Uanodlately  before  sowing  the  seed,  the  surface 
of  the  seed  bed  shall  be  sprinkled,    if  necessary,  and  raked  to  a  depth  of 
3/4  of  an  inch.     The  raking  shall  be  done  in  a  direction  parallel   to  the 
contour  lines  of  the  s  lopes  (not  uphill  or  downhill). 

(1)  Topsoil.  -  Topsoil  flbali  be  fumisked  by  the  contractor 
froma*eas  approved  by  the  contracting  officer  (see  paragraphs  3-04(a)  ^^^ 
3-06(b)(2)).     Topsoil   shall  be  good,  rich,  dartc  loam,  free  from  subsoil, 
gravel,  unbroken  sod,  roots,  and  refuse.     Acceptable  topsoil     shall  be 

a  mixture  of  sand,   silt,  and  clay  pattlcles,  andshall   contain  not  less 
than  5  percent  organic  matter  as  determined  by  loss  on  ignition  of  oven 
dried  samples. 

(2)  Method  of  Fertilizing,  -  Prior  to  seeding,  fertil- 
izers    shall  be  uniformly  spread  in  a  manner  satisfactory  to   the  con- 
tracting officer,     'Ae  seed  beds  consisting  of  topsoil  shall  be  fertilized 
with  1,000  pounds  of  20%  superphosphate  and  3OO  pounds  of  sulphate  of 
amnonia  to   the  acre.     The  seed  beds  in  areas  not  covered  with  top  soil 
shall  be  fertilized  with  1,000  pounds  of  20^  superphosphate  and     200  pounds 
of  sulphate  of  ammonia  to  the  acre.     In  place  of  the  superphosphate,  33^ 
pounds  of  T.V.A.metaphosphate  to   the  acre  may  be  used. 

(b)  Seeding,  -  Ttie  quantity  and  types  of  seeds  specified  below 
shall  be  sown  on  prepared  s  eed  beds  in  a  manner  satifactory  to  the  con- 
tracting officer.     The  mixtures  shall  be  sown  at  the  earliest  date  possible 
between  May  1  and  October  1  on  areas  covered  with  topsoil,  and  between 
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May  1   and  September  1   on  areas  not  covered  with  topsoil.     The  seed  mix- 
tures shall  be  sown  by  a  mechanical  hand  seeder  or  drill .     Whenever 
practical,    the  mixtures  shall  be  sown  in  two  applications,  one-half   the 
seed  Tirtiile  the  sower  is   travelling  in  one  direction,  and  the  other  half 
sown  while  travelling  at  right  angles  to   the  first.     The  oats  or  rye  shall 
be  sown  separately   from  the  remainder  of  the  seed  mixture.      The  domestic 
rye  grass  may  be  sown  either  separately  or  mixed  with  the  other  seeds» 
If  oats  or  rye  is  sown  on  the   surface,    the  seeds  shall  be  covered  by 
ralcing  to  a  depth   from  1    to  1^  inches.     After  all    the  seed  is  sown,    the 
seed  bed  shall  be  lightly  raked  with   iron  rakes,   andthen  .rolled  with  a 
lawn  roller  in  a  manner  satisfactory  to  the  contracting  off icer^ 

(1)     Seed  Mixtures.   -  The  seed  mixtures   shall   consist  of 
the  seeds  specified  in  the  tables  below.     When  directed  by  the  contract- 
ing officer,    the  seed  mixtures  may  be  varied  to   suit  special   conditions 
of  soil   peculiar   to  the  areas     to  be  seeded.     The  .seed  furnished  shall  be 
of   the  previous  year's  crop  and  in  no   case     shall   the  weed  content  exceed 
1%  by  weight. 

Seed  Mixture  foy  Seed  Bed  of  Topsoil 


Kind  of  Seed 

^Purity 

%   Germination 

Amount  lbs. per  acre 

Kentucky  Blue  Grass 

98 

88 

- 

20.0 

Creeping  Red  or  Chewing 

Fescue 

97 

70 

15.0 

Canadian  Blue  Grass 

93 

85 

10.0 

Domestic  Bye   Grass 

98 

90 

10.0 

Red  Ibp 

90 

90 

7.5 

Kent  Wild  Clover 

97 

90 

2.0 

Ladino  Clover 

97 

90 

2,0 

Alsike 

97 

90 

70.0 

Seed  Mixture 

for  Seed  Bed  Not  Containing  Topsoil 

Kind  of  Seed 

%   Purity 

%   Germination 

Amount  lbs .  per  acre 

Sweet  Clover 

99 

85 

5 

Alfalfa 

98 

85 

2 

Black  Medic 

95 

80 

1 

Orchard  Grpss 

.97 

85 

3 

'^imothy 

98 

85 

3 

Red  Top 

98 

90 

4 

Ladino  Clover 

97 

90 

1 
19 

Oats  (Seeding  prior  to 

July  15) 

99 

90 

30 

Rye  (Seeding  after 

July  15) 

99 

90 

35 

(2)     Inoculation.  -  The  Alfalfa,  Black  Medic,  Alsike, 
Sweet  Clover,  Kent  Wild  Clover,   and  Ladino  Clover  Seeds  shall  be  inoculated 
with  pure   cultures  of  nitrogen   fixing  bacteria.     Inoculants  shall   con- 
sist of  pure  bred  soil   or  sand   cultures,  not  more   than  one  year  old, 
and  shall  meet  the  approvalof   the  New  York  State  Department  of  Agri- 
culture and  Maiicets.     The  inoculants   shall  be  mixed  with   the  seed 
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aooording  to  the  vendor's  instructions.   After  the  mixture  is  dried,  it  shall 
be  mixed  with  the  grass  seeds.   All  mixing,  drying,  and  storing  shall  be  done 
in  the  shade.   The  seed  mixture  shall  be  applied  to  the  seed  bed  within  72 
hours  after  the  legume  seeds  are  Inooulated. 

(o)  Ualntenanoe  and  Reseedine;.  -  The  contractor  shall  maintain 
the  areas  sown  with  the  above  seed  mixtures  until  all  work  on  the  oontraot 
has  been  completed  and  accepted  by  the  contracting  officer*   The  maintenance 
shall  consist  of  refilling  rain-washed  gullies,  reseeding,  mowing,  watering 
during  periods  of  drought,  removing  in  topsoiled  areas  of  large  and 
conspicuous  weeds,  and  other  similar  operations  when  required  by  the  contract- 
ing officer.   The  contractor  may,  if  he  desires,  protect  slopes  against 
erosion  until  seeding  becomes  established  by  spreading  on  the  surface  about 
four  tons  of  straw  to  the  acre. 

(d)  Measurement  and  ft.vment.  -  Measurement  for  seeding  and 
seeded  topsoil  will  be  made  by  the  acre  for  the  area  within  the  line  shown 
on  the  drawings  or  as  modified  by  the  contracting  officer.   The  contract 
unit  prices  shall  include  payment  for  all  work  in  connection  with  furnish- 
ing and  sowing  all  necessary  seed,  raking  and  rolling  the  seeded  areas, 
preparing  the  seed  beds,  furnishing  and  placing  all  necessary  fertilizer, 
and  maintaining  all  seeded  areas.   Riyment  for  all  work  in  connection  with 
preparing  and  seeding  the  seed  bed  of  topsoil,  including  furnishing, 
stockpiling,  rehandling,  transporting,  placing,  spreading,  rolling,  and 
finishing  the  topsoil,  will  be  made  at  the  contract  unit  price  per  acre 
for  "Seeded  Topsoil."   Payment  for  seeding  all  seed  beds  not  of  topsoil 
will  be  made  at  the  contract  unit  price  per  acre  for  "Seeding." 


I 
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Specifications:      Long  Sault   Dam 

SECTION  V  -   CONCRETE 

5-01     CO^TOSITION.   -  Concretr   shall  be   composed  of  cement,    fine  aggre- 
gate,   coarse  aggregate   and  water  so  proportioned  and  mixed  as  t o  produce  a 
durable,   plastic,    workable  mixture   in  accordance   with  all   reouirements  un- 
der this   section  and  suitable   to  the  specific   conditions   of  plccer^ent. 

3-02.      CLASSIFICATION. 

(a)  Designation.   -  "Rrxcept  where   required   to  meet   special  condi- 
tions,  all  concrete   shall  be  Class   "A",    Class   "3",    or  Class   "C"    in  accor- 
dance  with  the   conditions  of  application  and   the   proportions  of  iE£;terial3 
and  strengths   required. 

(b)  Class  "A*  concrete  shall  be  used  for  the  pierhouse  floors, 
guardhouses,  parapets,  spillway  bridge,  and  as  otherwise  indicated  on  the 
drawings   or  directed  by  the  contracting  officer. 

(c)  Class   "B*   concrete   shall  be  used   in  the  bridge   piers,   training 
walls,   pierhouse  walls,   or  as   otherwise  directed  by  the   contracting  officer. 
In  general  Class    "3"   concrete  will  be   used   in  al-l  reinforced  portions   of 

the  structure   not    specifically  designated  as  Class    "A"   or  Class    "C   concrete. 

(d)  Class   "C   concrete  shall  be  used  for   the  mass  section  of  the 
dam. 

5-03.     STRENGTH.   -  ifest    specimens  of  concrete  will  be   6"xl2"   or  S^xl^" 
cylinders.     Samples   will  be    net-screened  to  remove  aggregate  grec^ter  than 
one-fourth  the   diarrieter  of   the  test   specimen.     The  mixes  will   be  designed 
to  secure  concrete   having  at   least   the  following  compressive  strengths  at 
the   age  of  28  days  t 


Class 
A 
B 
C 


Average   for  any  25 
Consecutive   cylinders 
3k^0  lbs.    per  sq.    in. 
3000   lbs.    per  sc.    in. 
2400   lbs.    per  sq.    in. 


Minimum,  for  any 

one   cylinder 
2(00  lbs.    per   sq.    in. 
2200   lbs.    per   sq.    in. 
1600   lbs.    per  sq.    in. 


5-04.      HIGH-EARLY-STRSriJTH  CONCRETE.   -  High-early-strength  concrete 
made  with  high-early-strength  Portland  cement   or  other   special  cements, 
shall  be  used  only  when  specifically  authorized   by  the   contracting  officer. 
The  7-clay  compres.-^ive   strength  of  concrete  of  any  class,   when  made  with 
high-ear ly-stren;2th  cement,   shall  be  at    least  equel    to  the  specified  mini- 
mum 28-day  com.nressive  strength  for  that   class  using  standard  cement.      All 
provisions  of  these  specifications,   except   for  cement  and  aggre.^ates,   shall 
be   applicable   to  such  concrete. 

5-05.      CEM:nT  AND  AGGREGATES.    -  Cement,    and  fine   and   coarse  aggregates 
will  be   furnished   to  the   contractor  by  the  Government   in  accordance  with 
paragraph  1-10  of  these  specifications. 

5-06.      WATER.    -  The  water  used   in  mixinr  concrete   shall   be ' clean 
and  free   from  injurious   amounts   of  oil,    acid,    alkali,    or  organic  matter. 
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3-07.     STORAGE. 

(a)  Cement. 

Immediately  upon  receipt,  at  the  site  of  the  work,  cement 
shall  be  stored  in  a  thoroughly  dry,  weathertight,  and  properly  ventilated 
building  or  bin  with  adequate  provisions  for  the  prevention  of  the  absorp- 
tion of  moisture.  Storage  shall  be  such  as  to  jermit  easy  access  for  inspec- 
tion and  definite  identification  of  each  shipment. 

(b)  Aggregates.   Bach  size  of  aggregate  (see  paragraph  5-08  (f) 
shall  be  stored  separately  tend  in  such  manner  as  to  avoid  the  inclusion  of 
any  foreign  material.  The  aggregate  shall  be  stored  in  free  draining  stock 
piles  or  bins  for  at  least  72  hours  prior  to  use.  Stock  piles  of  coarse 
aggregate  shall  be  built  in  horizontal  layers  to  avoid  segregation. 

5- 08 .   PROPORTIONING . 

(a)  Basis.  -  All  concrete  materials  will  be  proportioned  so  as  to  • 
produce  a  workable  mixture  in  which  the  water  content  will  not  exceed  the 
maximum  specified. 

(b)  Control.  -  The  exact  proportions  of  al]  materials  entering 
into  the  concrete  shall  be  as  directed  by  the  contracting  officer.   The 
contractor  shall  provide  all  equipment  necessary  to  determine,  record,  and 
control  positively  the  actual  amounts  of  the  various  materials,  including 
water,  cement,  fine  aggregate,  and  each  individual  size  of  coarse  aggregate, 
entering  into  the  concrete.   The  proportions  will  be  changed  whenver,  in  the 
opinion  of  the  contracting  officer,  such  change  becomes  necessary  to  obtain 
uniforrr.ity  and  workability  or  the  specified  strength,  ani  the  contractor 
will  not  be  compensated  because  of  such  changes. 

(c)  r.feasurepent .  -  All  materials  shall  be  measured  by  weight. 
One  bog  of  csraent  will  be  considered  94  pounds  in  weight  and  1  gallon  of 
water  as  8.33  pounds. 

(d)  Cej;ent  Content.  '-^   The  ceinent  content  for  e-.ch  cubic  yard  of 
concrete  shall  generally  fall  within  the  following  rangesi 

Class  "A"  5.0  to  6.0  bags 

Class  "B»  4.0  to  5.0  bs-s 

Class  "C"  3-0  to  4.5  bags 
For  concrete  deposited  in  water,  the  mirimum  cement  'content  shall  be  6.5  bags 
or  611  pounds  of  each  cubic  yard  of  concrete  placed.   The  cedent  content 
shall  be  at  all  times  subject  to  variation  as  dee::;;ed  necessary  by  the 
contracting  officer  to  attain  the  desired  results. 

(e)  Water  Content  and  Consistency  of  Concrete,. 

(1)   In  calculating  the  total  water  content  in  any  mix,  the 
amount  of  moisture  carried  on  the  surfaces  of  the  aggregate  particles  shall 
be  included.  The  total  water  content  per  bag  of  ceirient  for  each  batch  of  • 
concrete  shall  not  exceed  the  followingi 

Class  "A"  3-5   gallons  or  45.8  pounds 
Class  "B"  6.5  gallons  or  54' 1  pounds 
Class  "C  8.0  gallons  or  66.7  pounds 
In  all  cases,  however,  the  amount  of  water  to  be  used  shall  be  the  minimum 
amount,  necessary  to  produce  a  plastic  mixture  of  the  strength  specified  and 
of  the  desired  density,  uniformity  and  workability.   In  general,  the  consis- 
tency of  any  mix  shall  be  that  required  for  the  specific  placing  conditions 
and  methods  of  placement,  and  ordinarily  the  slump  shall  be  between  1/2  inch 
and  2  inches  for  Class  "B"  and  Class  "C"  concrete,  and  between  U   inches  and 
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3   inches   for  Class    "A"   concrete  when  tested    in    accordance   with  the   current 
specif ic&t ions   for   "Method   of  Test   for  Coras istency  of  Portland  CeiTisnt    con- 
crete,"  of   the   American  Society  for  Testing  Materials. 

(f )      Aggregate  Content.   -  The  total   volume   of   aggregates   to  be   used 
in  each  cubic   yard  of  concrete   shall  be   that   necessary  to  proiuce  a  dense 
n.ixture   of   the  required  workability  as  determined  by  the  contracting   officer. 
The   individual  mi:<es  will  be    hased  upon  securing  concrete  having  suitable 
workability,   density,    imperr;ieability,    and    the   required  strength,   without   the 
use  of  an  excessive  airiount   cf   cement. 

(1)  Coarse   Aggregate . 

For  Class   "^^   concrete   the  maximuni  size   aggregate  s  hall 
be    not  more    thfin   Ig    inches. 

For  Class    "T?"   concrete    the  maxirri'jin  size  aggregate  shall 
be   not.  o-.ore   than  3   inches. 

For  Class   "C"   concrete   the  maximum  size   aggregate  shall 
be   not  aore  than  (-■   inches. 

Specified   sizes   shall  be  delivered   separately  to   indi- 
vidual proportioning  hoppers   in  accordance  with  the  following; 

a.  3/16"   to  3/4" 

b.  3/4"   to  Ij" 

c.  li"  to  3» 

d_.     3"    to  6" 

(2)  Fine  Aggregate.  -  The  fine  aggregate  will  consist   of 
natural  sand  or  crushed  stone  sand,  and  in  either  case  will  be  furnished  in 
one  size  graded  so  that  at  least  ninety-five  percent  will  pass  a  No.  4  square 
mesh  sieve. 

5-09.   MIXING  ATOD  PLACING. 

(a)  Equipment .  -  The  contractor  shall  provide  at  the  site  of  the 
work  a  modern  and  dependable  batch-type  mixing  plant  with  a  minimum  capacity 
of  1200  cubic  yards  of  concrete  per  8  hours.   The  plant  shall  include  not 
fewer  than  2  complete  mixers  of  equal  capacity  .vith  separate  power  plants. 
The  equipment  shall  provide  adequate  facilities  for  the  accurate  rrjeasureicent, 
record,  and  control  of  each  of  the  materials  entering  the  concrete.   The  com- 
plete plant  assembly  including  provision  to  facilitate  the  inspection  of 
operations  at  ell  times  and  the  adequacy  and  dependability  of  each  of  its 
parts,  shall  be  s  ubject  to  the  approval  of  the  contracting  officer,  and  shall 
conform  to  the  following  requirements* 

It  shall  be  capable  of  ready  adjustment  for  compensating  for  the  varying 
moisture  content  of  the  aggregates  and  for  changing  the  proportionate  batch 
weights, 

i  shall  be  capable  of  controlling  the  delivery  of  each  material  to 
within  1  percent  by  weight  of  the  designated  amounts. 

It  shall  be  arranged  to  permit  the  convenient  removal  of  material  in 
excess  of  the  specified  tolerances,  and  acceptable  facilities  shall  be  oro- 
vided  for  readily  obtaining  representative  samples  from  the  batches 
for  test  purposes. 

Each  weighing  unit  shall  include  a  visible  springless  agge  which  will  re- 
gister the  scale  load  at  any  stage  of  the  weighing  operation  from  zero  to 
full  capacity. 
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Insofar  as  practicable,  each  dial  and  water-measuring  device  shall 
be  in  full  view  of  the  operator  and  the  weighing  equipment  shall  be  arranged 
so  that  the  operator  may  conveniently  observe  the  operation  of  the  bin 
gates  and  also  the  materials  discharged  into  the  mixer  hopper. 

The  accuracy  of  the  weighing  equipment  shall  conform  to  the  requirements 
of  the  U.  S.  Bureau  of  Standards.  The  contractor  shall  provide  standard  test 
weights  and  any  other  auxiliary  equipment  required  for  checking  the  operating 
performance  of  each  scale  or  other  measuring  device  and  shall  make  periodic 
tests,  in  the  presence  of  a  Government  inspector,  in  such  a  manner  and  at 
such  intervals  as  may  be  directed  by  the  contracting  officer;  provided,  that 
unless  otherwise  directed  by  the  contracting  officer,  such  check  testa  of 
equipment  in  operation  shall  be  mede  at  least  once  every  two  weeks.  After 
completion  of  such  check  tests  the  contractor  shall  make  such  adjustments, 
repairs,  or  replacements  as  the  contracting  officer  may  consider  necessary 
to  secure  satisfactory  performance. 

The  plant  shall  include  a  device  for  accurately  measuring  and  indicating 
the  quantity  of  water  entering  the  concrete  and  the  operating  mechanisms 
must  be  such  that  leakage  will  not  occur  when  the  valves  are  closed.  The 
filling  and  discharge  valves  for  the  water  tank  shall  be  so  interlocked  that 
the  discharge  valve  cannot  be  opened  before  the  filling  valve  is  fully  clo&ed. 

It  shall  include  a  device  for  acciirately  and  automatically  measurii^g  and 
indicating  the  time  of  mixing,  which  shall  be  interlocked  to  prevent  the 
discharge  of  concrete  from  the  mixer  before  the  expiration  of  the  mixing  per- 
iod. 

It  shall  include  a  device  for  recording  and  indicating  the  number  of 
batches  handled. 

Each  set  of  units  for  measuring  cement  and  mixing  water  delivered  to  one 
or  more  mixers  shall  be  provided  with  an  accurate  combined  autographic  recor- 
der for  making  a  continuous  visible  record  on  a  single  chart  of  the  measure- 
ment of  all  materials  introduced  into  each  batch,  and  of  the  consistency  of 
the  concrete  during  the  mixing  process.  The  recorder  shall  be  housed  com- 
pletely, shall  be  capable  of  being  locked,  and  shsll  be  placed  in  a  position 
convenient  for  use ty  the  plant  operator.  The  recorder  paper  furnished  shall 
be  ruled  and  printed  so  th^t  each  graph  will  be  identified  permanently  and 
so  that  quantities  and  time  aay  be  read  without  scaling  or  calculation.  Suitable 
means  shall  be  provided  to  insure  proper  alignment,  rate  of  travel,  and 
tautness  of  the  paper  without  wrinkling.  The  recording  equipment  shall  in- 
clude facilities  for  automatically  registering  on  the  chart  the  time  of  day 
at  intervals  of  not  more  than  I5  minutes  and  shall  be  designed  for  simplicity 
in  operation  and  maintenance* 

Each  mixer  shall  be  equipped  with  an  efficient  recording  consistency 
meter  or  provided  with  eqully  suitable  equipment  or  means  satisfactory  to 
the  contracting  officer  for  indicating  concrete  consistency  and  recording 
it  on  the  combined  autographic  recorder  chart.  The  sensitivity  and  range 
of  the  consistency  meters  shall  be  such  that  the  effect  of  a  change  in 
slump  of  one  inch  shall  be  readily  discernible  to  the  operator,  as  determined 
by  the  contracting  officer.  The  contractor  shall  furnish  satisfactory  evi- 
dence that  the  consistency  meters  which  he  proposes  to  use  are  adapted  to  the 
type  of  drum  and  loading  of  the  mixers  with  which  they  are  to  be  used.  If 
the  mixers  are  provided  with  consistency  meters  operating  on  the  principle  of 
measuring  electrical  input  to  the  mixer  motors,  adequate  means  shall  be 
provided  for  eliminating  errors  due  to  operating  the  motor  from  a  variable- 
voltage  supply  source,  with  resultant  changes  in  motor  input  which  are  not 
caused  by  changes  in  concrete  consistency.  If  the  contractor  proposes  to 
use  means  for  the  partial  elimination  and  compensation  of  these  errors, 
such  means  shall  be  subject  to  the  approval  of  the  contracting  officer  and 
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the  residual  errors  shall  not  exceed  one  percent  of  the  values  being  mea- 
sured. Errors  in  registration  of  concrete  consistency  caused  by  variable 
friction  in  the  mixer  equipment  shall  be  eliminated  or  minimized  by  pro- 
viding adequate  antifriction  bearings  and  lubrication  or  by  other  means 
satisfactory  to  the  contracting  officer.  All  graphic  charts  recorded  in 
accordance  vrith  this  paragraph  shall  become  the  property  of  the  Government. 

(b)  Mixing  Time.  -  The  minimum  time  for  mixing  each  batch,  after 
all  materials  are  in  the  mixer,  shall  be  as  follows: 

l/2-cubic  yard  mixer,  or  smaller  1^  minutes 
3/4-  to  l^-cubic  yard  mixer  Ij  minutes 
li-  to  3-cubic  yard  mixer  2  minutes 
Larger  than  3"Cubic  yard        2^  minutes 

The  mixer  shall  revolve  at  a  uniform  speed,  a  minimum  of  12  revolutions  per 
minute  after  all  materials  have  been  placed  in  it.  Neither  speed  nor 
volume  capacity  of  the  mixer  shall  exceed  those  recommended  by  the  manu- 
facturer. Excessive  overmixing,  requiring  additions  of  water  to  preserve 
the  required  consistency,  will  not  be  permitted.  Should  any  mixer  at  any  time 
produce  unsatisfactory  results  its  use  shall  be  promptly  discontinued  until  it 
is  repaired  or  replaced. 

(c)  Conveying.  -  Concrete  shall  be  conveyed  from  mixer  to  forms  as 
rapidly  as  practicable,  by  methods  which  will  prevent  segregation  or  loss  of 
ingredients,  ■'•t  shall  be  deposited  as  nearly  as  practicable  in  its  final 
position.   Chutes  used  shall  be  such  that  the  concrete  slides  in  them  and  does 
not  flow.  Chutes  with  a  flatter  slope  than  1  on  2  will  not  be  permitted. 

There  shall  be  no  free  vertical  drop  greater  than  5  feet  except  where  specifically 
authorized  by  the  contracting  officer. 

Methods  of  conveying  concrete  to  any  part  of  the  structure  Yy   which  the 
concrete  is  loaded  into  chutes,  belt  conveyors,  or  other  similar  equipment 
and  carried  in  a  thin,  continuously  exposed  flow,  to  the  fonns,  will  not  be 
permitted  except  for  very  limited  or  isolated  sections  of  the  work,  and  then 
only  when  approved  in  writing  by  the  contracting  officer. 

Placing  of  concrete  in  the  dam  shall,  in  general,  be  done  by  means  of 
bottom-dump  buckets  of  sufficient  size  to  handle  the  full  capacity  of  one 
mixer.  The  design  of  the  buckets  shall  be  subject  to  the  approval  of  the 
contracting  officer,  and  shall  be  such  as  to  permit  close  regulation  of  the 
amount  of  concrete  to  be  deposited  in  each  dumping  position.   It  is  contem- 
plated that  the  full  capacity  of  a  bucket  may  be  deposited  in  one  ofieration 
where  this  has  no  objectionable  effect  on  the  placement  of  concrete,  but 
near  forms  and  around  embedded  items  or  elsewhere  as  directed  by  the 
contracting  officer,  the  discharge  shall  be  controlled  so  that  the  concrete 
may  be  effectively  compacted  into  layers  not  exceeding  18  inches  in  thick- 
ness with  a  minimum  of  lateral  movement  and  accompanying  tendency  for 
segregation  and  the  formation  of  rock  pockets. 

(d)  placing. 

(1)  Concrete  shall  be  placed  before  initial  set  has  occured, 
and,  unless  otherwise  authorized  by  the  contracting  officer,  before  it  has 
contained  its  vgater  content  for  more  than  JO   minutes. 

(2)  Concrete  when  deposited  in  the  forms  shall  have  a 
temperature  of  not  less  than  40  degrees  F.  and  not  more  than  75  degrees  F. 
However,  when  the  temperatures  of  the  materials  are  such  that  the  temperature 
of  the  fresh  mixed  concrete  is  55  degrees  or  more,  the  mixing  water  shall 

be  cooled  to  a  temperature  of  35  degrees  F.,  and  only  aggregates  taken  from 
the  coolest  portions  of  the  stockpiles  shall  be  used.  Any  heating,  cooling, 
refrigerating,  or  other  operations  necessary  in  order  to  produce  a  concrete 
having  a  temperature  within  the  above  specified  temperature  limits  (40  degrees 
F.  to  75  degrees  F. )  shall  be  done  by  the  contractor  and  the  cost  thereof 
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shall  be  included  in  the  imit  prices  bid  in  the  schedule  for  the  various 
classes  of  concrete . 

(3)  Unless  otherwise  specified,  all  concrete  shall  be  placed 
in  the  dry  upon  clean,  unfrozen,  damp  surfaces,  free  fpcm  running  water,  and 
never  upon  soft  mud,  dry  porous  earth,  or  upon  fills  that  have  not  been 
subjected  to  approved  rolling  or  tamping  until  optimum  compafction  has  been 
obtained. 

(4)  Rock  surfaces  upon  which  concrete  is  to  be  placed  shall 
be  approximately  horizontal  or  stepped,  and  shall  be  clean,  solid,  and  f^-ee 
from  oil,  running  water,  mud,  objectionable  coatings,  debris  and  loose, 
semi-detached,  or  unsound  fragments  and  sh^ll  be  sufficiently  rough  to  assure 
satisfactory  bond  with  the  concrete.  Immediately  before  concrete  is  placed, 
all  such  rock  surfaces  shall  be  cleaned  thoroughly  by  the  use  of  high  velocity 
air-water  jets,  wet  sandblasting,  stiff  brooms,  picks,  or  other  effective 
means  satisfactory  to  the  contracting  officer.  All  pools  of  water  shall  be 
removed  from  depressions  in  order  to  insure  proper  bonding  of  the  fresh 
concreta  to  the  rock  surfaces  and  no  inflow  of  water  into  the  foundation  will 
be  permitted.  All  necessary  installations  of  riser  pipes,  headers,  sand 
drains,  and  other  installations  necessary  to  produce  a  foundation  free  of 
running  or   standing  water  shall  be  installed  by  the  contractor  and  so  welded 
or  othenvise  securely  fastened  in  place  as  to  prevent  their  being  jarred 
loose  by  concrete  placement.  No  separate  payment  will  be  made  for  such 
installations.  No  wooden  plugs  or  other  organic  materials  will  be  placed 
permanently  in  any  foundation.  All  absorptive  surfaces  shall  be  thoroughly 
wetted  for  48  hours  and  spread  with  a  layer  of  mortar  about  1/2  inch  thick 
immediately  before  the  concrete  is  placed.  The  mortar  shall  be  of  the  same 
cement-sand  ratio  as  used  in  the  concrete. 

(5)  The  layout  of  all  monoliths  shall  b©  as  shown  on t he 
drawings  or  as  directed  or  approved  by  the  contracting  officer  before 
concreting  is  ccmnienced. 

(6)  All  concrete  shall  be  deposited  in  approximately 
horizontal  layers,  unless  otherwise  specifically  authorized  or  directed 
by  the  contracting  officer,  and  the  concreting  shall  be  carried  on  as  a 
continuous  operation,  as  far  as  practicable,  until  the  placing  in  the 
course,  sectiop,  panel  or  monolith  is  completed.  Concrete  must  be  covered 
within  45  minutes  to  one  hour,  depending  on  cement  used,  with  fresh  concrete 
during  one  pour.  Lifts  of  mass  concrete  in  the  dam  and  training  walls  shall 
rot  exceed  5  feet  in  thickness  except  as  shown  on  the  drs wings,  and  a  minimum 
of  120  hours  shall  elapse  between  the  finishing  of  one  such  lift  and  the 
starting  of  the  next.  In  general  a  minimum  of  24  hours  shall  elapse  for 
each  foot  of  thickness  between  the  finishing  of  one  lift  and  the  starting 

of  the  next.  The  first  two  to  four  lifts  starting  from  the  foundation 
and  from  lifts  which  have  been  in  place  longer  than  15  days  shall  be 
limited  to  a  maximum  height  of  2  to  3  feet;  as  determined  by  the  contracting 
officer. 

Other  lifts  shall  generally  have  a  minimum  thickness  of  4  feet,  and  a 
maximum  thickness  of  12  feet,  ^n  walls  of  buildings,  lifts  shall  terminate 
at  the  tops  and  bottoms  of  the  door  and  window  openings. 

(7)  In  dropping  concrete  througja  reinforcement,  care  shall  be 
taken  than  no  segregation  of  the  coarse  aggregate  occurs.  On  flat  surfaces 
wheire  the  congestion  of  steel  near  the  forms  makes  placing  difficult,. a 
mortar  of  the  same  cement-sand  ratio  as  is  used  in  the  concrete  shall  be 
first  deposited  to  cover  the  forms. 

(8)  All  top  sixrfaces  not  covered  by  forms  and  which  are  not 
to  be  covered  by  additional  concrete  or  backfill  shall  be  carried  slightly 
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above  grade  and  struck  off  by  board  screed  (see  paragraph  5-11  (a)),  except 
that  top  surfaces  of  walls  and  piers  not  covered  by  forms  and  which  a  re  not 
to  be  covered  by  additional  concrete  or  backfill  when  poured  in  excess  of  10 
feet  in  height  in  one  pour,  shall  be  carried  not  less  thar  2  inches  above 
the  specified  finished  elevation  end  struck  off  by  "board  screed. 

(e)  Vibrating.  -  Concrete  shall  be  placed  with  the  aid  of  mechanical 
vibrating  equipment  as  approved  by  the  contracting  officer. 

(1)  Internal  vibrators  shall  be  used  in  all  sections  10-inches 
or  more  in  width  or  which  are  sufficiently  large  to  accomodate  them.   Ex- 
ternal vibration  shall  be  used  when  directed  by  the  contracting  officer  as 
auxiliary  to  internal  vibration. 

(2)  Vibrators  shall  be  of  sturdy  construction,  adequately 
powei^d  and  capable  of  transmitting  to  the  concrete  not  less  then  5 '000 
impulses  per  minute  when  operating  under  load( immersed  in  concrete).  The 
frequency  of  vibration  shall  be  subject  to  proof  by  measuring  the  impulses 
radiated  by  the  vibrator,  when  operating  in  concrete  designed  for  the  project, 
by  the  use  of  a  Frahm  vibrating-reed  tachometer  or  equal.  The  vibration 
shall  be  sufficiently  intense  to  cause  the  concrete  to  flow  or  settle  readily 
into  place  and  show  a  visible  effect  over  a  radius  of  at  least  18  inches  in 
the  concrete. 

(3)  A  sufficient  number  of  vibrators  shall  be  employed  so 
that,  at  the  required  rate  of  placement,  vibration  throughout  the  entire 
volume  of  each  layer  of  concrete  and  complete  compaction  are  secured.   At 
least  one  extra  vibrator  shall  be  constantly  on  hand  at  each  point  of  place- 
ment (monolith)  for  emergency  use. 

(4)  Form  vibrators,  where  used,  shall  be  attached  to  or  held 
on  the  forms  in  such  a  manner  as  to  transmit  the  vibration  to  the  concrete 
effectively  and  shall  be  raised  in  lifts  as  filling  of  the  forms  proceeds, 
each  lift  being  not  more  than  the  height  of  concrete  visibly  effected  by  the 
vibration.  They  shall  be  rilaced  horizontally  at  distances  not  greater  apart 
than  the  radius  through  which  the  concrete  is  visibly  affected. 

(5)  Internal  vibrators  shall  be  kept  constantly  moving  in 
the  concrete  and  shall  be  applied  at  points  uniformly  spaced  not  farther 
apart  than  the  radius  over  which  the  vibrator  is  visibly  effective.  The 
vibrator  shall  not  be  held  in  one  location  long  enough  to  draw  a-  pool  of 
grout  from  the  surrounding  concrete.   Internal  vibrators  shall  be  applied 
close  enough  to  the  forms  to  vibrate  the  surface  concrete  effectively,  but 
care  shall  be  taken  to  avoid  hitting  the  forms  sufficiently  to  damage  them. 

(6)  The  vibration  shall  be  such  that  the  concrete  becomes 
uniformly  plastic  and  there  shall  be  at  least  10  seconds  of  vibration  per 
square  foot  of  surface  of  each  layer  of  concrete,  computed  on  the  basis  of 
the  visibly  affected  radius,  and  taking  overlapping  into  consideration. 

(7)  Vibration  shall  be  supplemented  by  forking  ar.d  spading 
by  hand  adjacent  to  the  forms  on  exposed  faces.  The  concrete  shall  be  com- 
pacted and  worked  in  an  approved  manner  into  all  corners  and  angles  of  the 
forms  and  around  reinforcement  and  embedded  fixtures. 

(f )  Construction  Joints.  -  Vertical  joints  shall  be  formed  with 
tongue -and -groove  keys  et  such  locations  and  of  such  shapes  and  diTc.n^ions 
as  shown  on  the  drawings  or  as  approved  or  directed  by  the  contracting  of- 
ficer. Horizontal  joints  shall  be  continuous  throughout  all  monoliths  to 
produce  continous  horizontal  lines  on  the  faces  of  the  dam.  The  horizontal 
edges  of  each  completed  pour  not  required  to  be  chamfered  that  are  exposed 
to  weathering  shall  be  struck  off  level  for  a  distance  of  about  6  inches 
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back  from  the  form  to  provide  an  even  and  neat  appearance  between  construc- 
tion joints.  Whore  required,  dowel  rods  shall  be  used. 

All  concrete  in  vertical  members  shall  have  been  in  place  not  less 
than  12  hours,  and  longer  if  so  directed  by  the  contracting  officer,  before 
concrete  in  horizontal  members  resting  thereof  is  placed. 

After  the  top  surface  of  a  course  is  finally c  ompacted ,  it  shall  be 
thoroughly  protected  from  pedestrian  traffic,  materials  being  placed  thereon, 
running  water,  or  any  activity  upon  the  surface  that  might  in  any  manner 
affect  the  initial  setting  of  the  concrete  for  a  period  of  4  to  20  hours  as 
determined  by  the  contracting  officer.  After  the  time  required  for  initial 
set,  the  surface  shall  bo  washed  with  a  high  pressure  air  (air  pressure 
capacity  not  less  than  100  p.s.i.)  and  water  jet  to  remove  all  laitance  and 
to  expose  clean  soung  aggregate. 

Immediately  before  placing  is  resumed  in  each  succeeding  course,  all 
approximately  horizontal  construction  joint  surfaces  sh^ll  be  washed  with  a 
high  pressure  air  and  water  jet  and  scrubbed  with  steel  brushes  and  brooms. 
Sand  shall  be  added  to  the  air-water  jet  when  required  to  remove  algae,  stains 
and  other  substances  injurious  to  bonding.  After  final  cleaning  and  im- 
mediately before  placing  is  resumed  the  surface  shall  be  wetted  and  spread  with 
a  layer  of  mortar  1/2  inch  thick.  The  mortar  shall  be  of  the  same  cemftnt- 
sand  ratio  as  the  concrete. 

Where  fresh  concrete  is  to  be  placed  against  smooth  surfaces  of  pre- 
viously placed  concrete,  the  surface  of  the  previously  placed  concrete  shall 
be  roughened  by  picking,  or  other  means  approved  by  the  contracting  officer, 
in  order  to s ecure  adequate  bond.  No  payment  will  be  made  for  such  roughening 
but  the  cost  shell  be  included  in  the  contract  unit  price,  for  the  class  of 
concrete  affected. 

(g)  In  water.  -  When  specifically  authorized,  concrete  may  be 
deposited  in  water  having  a  temperature  above  35  degrees  F.  The  methods 
and  equipment  used  shall  be  subject  to  the  approval  of  the  contracting 
officer.   When  deposited  by  the  tremie  method,  the  tremie  shall  be  water- 
tight and  sufficiently  large  to  permit  a  free  flow  of  concrete.  The  dis- 
charge shall  be  kept  continuously  submerged  in  the  concrete  and  the  shaft 
kept  full  of  concrete  to  a  point  wall  above  the  water  surface.  'iVhen  the 
bottom-dump  bucket  method  is  used,  the  bucket  shall  not  be  dumped  until  after 
it  has  come  to  rest  on  the  surface  upon  which  the  concrete  is  to  be  deposited. 
The  bucket  shall  be  provided  with  a  suitable  cover,  and  the  bottom  doors,  when 
tripped,  shall  open  freely.  The  bucket  shall  be  completely  filled  and  slowly 
lowered  in  order  to  avoid  backwash,  and  when  tripped,  it  shall  be  slowly 
withdrawn  until  entirely  free  of  the  concrete.  With  either  method,  concreting 
shall  proceed  without  interruption  until  the  top  of  the  concrete  is  well  above 
the  water  surface. 

(h)  Cold  'father*  -  Concrete  shall  not  be  placed  when  the  ambient 
atmospheric  temperature  is  below  35  degrees  F.  nor  when  the  concrete  is  likely 
to  be  subjected  to  freezing  temperatures  bef.-^re  final  set  has  occurred,  unless 
specifically  authorized  by  the  contracting  officer  in  v;riting.  ^en  so 
authorized,  the  materials  shall  be  heated  in  such  a  manner  that  they  will  be 
free  of  ice,  slush,  snow,  frozen  lumps,  etc.,  before  entering  the  mixer.  The 
temperature  of  the  concrete  when  deposited  in  the  forms  shall  be  within  the  limits 
specified  in  paragraph  5-09  (d)(2).  All  methods  and  equipment  for  heating 
shall  be  subject  to  the  approval  of  the  contracting  officer. 

(i)  Hot  Weather »  -  For  concrete  placed  during  the  extremely  warm 
summer  months  and  otherwise,  when  directed  by  the  contracting  officer,  the 
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contractor  shall   take  whatever  measures  are   necessary  in  order   to  produce  a 
concrete   having  a   temperature   below  the  maximum  limit  specifisd   in  paragraph 
5-09   (d)(2).     The  methods  and  equipment  used  shall   be   subject   to  the  approval 
of  the   contracting  officer. 

5-10.     TEST  SPECL-VENS. 

(a)  Number.  -  Test    specimens,    to  determine  whether  the   compressive 
strength  of  the   concrete   is   in  accordance   with  that   specified  in  paragraph 
5-03f  will  be   taken  by  the  Government  inspector.      At   least   1   set  of  3  spe- 
cimens will   be  made  for  every  major  placement  and,    in  general,    for  every 

500  cubic  yards  of  concrete   placed,  but  in  any  event,   a   sufficient  number 
of  specimens   will   be   taken  to  give  a   comprehensive  knowledge   of   the   concrete 
in  each  section  of  the  work. 

(b)  Method.  -  All   specimens  will   be   taken  from  the   concrete   in 
accordance   with   the   current  specifications  of   the   American  Society  for 
Testing  f.^terials.     The  specimens   v/ill   be  tested  by  and  at   the  expense  of   the 
United  States,   either  in  its   laboratory  or  in  that  of  a  recognized  commercial 
testing  agency. 

5-11.      FINISHING. 

(a)  General.  -  Immediately  after  placement,  the  concrete  shell 
be  prooerly  forked  back  along  the  faces  of  all  forms  by  the  use  of  concrete 
forks  or  spades  and  then  re-vibrated  unless  otherwise  specifically  author- 
ized or  directed  by  the  contracting  officer.  The  surface  of  concrete  finished 
against  forms  shall  be  smooth,  dense,  and  free  from  rock  pockets.   Immediately 
upon  the  rejioval  of  forms,  all  unsightly  ridges  or  lips  shall  be  removed  and 
undesirable  local  bulging  on  exposed  surfac-:s  shall  be  remedied  by  tooling  and 
rubbing  to  the  satisfaction  of  the  contracting  officer;  all  holes  left  by  the 
removal  or  omission  of  tie  rods,  and  all  similar  voids  unless  otherwise  di- 
rected by  the  contracting  officer  shall  be  neatly  filled  with  cement  mortar 
mixed  in  the  same  proportions  as  the  original  mix,  provided  that  whatever 
practicable  mortar  which  h£3  been  mixed  and  allowed  to  stand  for  one  hour  shall 
be  used  and  placed  as  directed  by  the  contracting  officer.  Defective  concrete 
shall  be  repaired  by  cutting  out  the  unsatisfactory  material  and  placing  new 
concrete  which  shall  be  formed  with  keys,  dovetails,  or  anchors  to  attach  it 
securely  to  the  other  work.  This  concrete  shall  be  drier  than  the  usual 
mixture  and  shall  be  thoroughly  tamped  into  place.  All  finishing,  tooling, 
rubbing  and  filling  of  the  rod  holes  end  all  patching  of  exposed  surfaces  must 
be  performed  i.amediately  after  forms  are  removed  and  the  succeeding  course 
of  concrete  shall  not  be  placed  until  the  exposed  surfaces  of  the  pre- 
ceding lifts  have  been  finished  to  the  satisfaction  of  the  contracting  officer. 
All  surfaces  of  concrete,  not  covered  by  forms,  that  are  not  to  be  covered 
by  additional  concrete  or  backfill,  shall  have  a  wood  float  finish  without 
additional  mortar,  and  shall  be  true  to  elevations  as  shown  on  the  drawings. 
Care  shall  be  taken  to  see  that  all  excess  v/ater  is  removed  before  making  this 
finish.   Other  surfaces  shall  be  brought  to  the  specified  finished  elevation 
and  left  true  and  regular  as  approved  by  the  contracting  officer.  Where 
considered  necessary  by  the  contracting  officer,  or  where  indicated  on  the 
drawings,  joints  shall  be  carefully  made  with  a  jointing  tool.  Every  pre- 
caution shall  be  taken  by  the  contractor  to  protect  finished  surfaces  from 
stains  or  abrasions.   No  fire  shall  be  permitted  in  direct  contact  with  any 
concrete  at  any  time.   Concrete  surfaces,  or  edges  likely  to  be  injured 
during  the  construction  period,  shall  be  properly  protected  by  leaving 
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the   forms  in  place,   or  by  erecting  covers  satisfactory  to  the  contracting 
officer. 

(b)     Floor  Surfaces.  -  Unless  otherwise  specified,  all  floors  and 
other  surfaces  where   indicated  on  the   plans   or  required   by  the   contracting 
officer,  shall  be   finished  with  a  1-inch  monolithic  sand-cement  mortsr  sur- 
face.    All  water,    laitance  and  any  foreign  matter  shall   be  removed  from  the 
surfaces.     The   topping  mixture   shall   be  spread  evenly  over  the  base  within 
45  minutes  after  the   base  has  been  placed.     The  mortar   shall  be  of  1  part 
cement  and  3  parts  approved  clean  sand.     The  cement  and    sand   shall  be   thoroughly 
mixed  dry  and  then  sufficient  water  shall  be  added  to  produce  a  medium  stiff 
mortar.     After  plncin^,   the  mortar  shall  be   floated  to  a  true,    regular  sur- 
face  with  a  wood   float  and   steel-troweled  to  a    smooth  finish.     Troweling 
shall  be   the  minimum  amount  consistent  with  obtaining  a   smooth  dense 
surface  and  shall  not  be  done  until   the  mortar  has  hardened  sufficiently  to 
prevent  excess  fine  material  from  being  worked  to  the  surface. 

5-12.     CURING. 

(a)  General.  -  Before  actual  concrete  placement  begins,  the  con- 
tractor shall  have  on  hand  and  ready  to  install  all  equipment  needed  for 
adequate  curing  and  protection  of  the  concrete. 

(b)  Warm  Weather.  -  All  concrete  shall  be  adequately  protected 
from  injurious  action  by  the  sun.  Fresh  concrete  shall  be  protected  from 
heavy  rains,  flowing  water,  and  mechanical  injury.  All  concrete  shall  be 
kept  wet  for  a  period  of  not  less  than  14  days  by  covering  with  water,  or 
with  an  approved  water-saturated  covering  or  by  a  system  of  perforated 
pipes  or  mechanical  sprinklers,  or  cny  other  approved  method  which  will 
keep  all  surfaces  continuously  (not  periodically)  wet.  !7here  wood  forms  are 
left  in  place  for  curing,  they  shall  be  kept  iwst  at  all  ti.nes  to  prevent 
opening  at  the  joints  and  drying,  out  of  the  concrete,  water  for  curing 
shnll  conform  to  the  requirements  of  paragraph  5"06,  and  shall  be  generally 
clean  and  entirely  free  from  any  elements  which,  in  the  opinion  of  the  con- 
tracting officer,  might  cause  staining  or  discoloration  of  the  concrete. 

(c)  Cold  Weather.  -  Concrete  when  placed  during  cold  weather 
shall  be  kept  moist  and  provided  with  adequate  protection,  subject  to  the 
approval  of  the  contracting  officer,  so  that  the  air  in  contact  with  the 
concrete  will  be  maintained  at  temperatures  between  50  degrees  F.  and 

70  degrees  F.  for  at  least  the  first  5  days.  For  massive  section,  where 
the  atmospheric  temperatures  are  sufficiently  low,  in  the  opinion  of  the 
contracting  officer,  to  cause  excessively  rapid  cooling  and  contracting 
of  the  exterior  surfaces,  the  period  for  maintaining  the  temperature  of  the 
air  in  contact  with  the  concrete  between  50  and  70  degrees  F.  may  be  re- 
quired to  extend  for  14  days.   In  extremely  cold  weather,  the  removal  of 
temperature  protection  shall  be  done  gradually'  so  that  the  temperature  of 
the  air  surrounding  the  concrete  is  reduced  to  the  outside  air  temperature 
at  a  rate  not  faster  than  5  degrees  F.  in  any  one  hour,  or  50  degrees  F.  in 
any  24  hour  period.  Salt  or  other  chemicals  shall  not  be  admitted  into  the 
mixture  to  prevent  freezing. 

5-13.  FORMS. 

(a)  Materials.  -  Forms  shall  be  of  wood,  steel  or  other  appro- 
ved material,  except  that  the  sheeting  for  all  exposed  surfaces  shall  be 
tongue -and -groove  lumber  of  uniform  width  unless  otherwise  specifically 
authorized.  Forms  of  like  character  shall  be  used  for  similarly  ex- 
posed surfaces  in  order  to  produce  a  uniform  appearance.  The  type,  size, 
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shape,  quality  and  strength  of  all  materials  of  which  the  forms  are  made 
and  the  design  of  the  forms  shall  be  subject  to  the  approval  of  t^e  con- 
tracting officer. 

(b)  Construction.  -  Forms  shall  be  built  true  to  line  and  grade, 
and  shall  be  mortar-tight  and  sufficiently  rigid  to  prevent  displacement 

or  saging  between  supports.  Where  forms  foi  continuous  surfaces  are 
placed  in  successive  units,  care  shall  be  taken  to  fit  the  forms  tightly 
over  the  completed  surface  so  as  to  prevent  leakage  of  mortar  from  the 
concrete  and  to  maintain  accurate' alignment  of  the  surface.  Responsi- 
bility for  their  adequacy  shall  rest  with  the  contractor.  Their 
surfaces  shsll  be  smooth  and  free  from  irregularities,  dents,  sags,  or 
holes  when  used  for  permanently  exposed  faces.  Bolts  and  rods  used  for 
internal  ties  shall  be  so  arranged,  that,  when  the  forms  are  removed,  all 
metal  will  be  not  less  than  2  inches  from  any  concrete  surface.  Bolt 
holes  shall  be  reamed  with  a  suitable  toothed- reamer  so  as  to  leave  the 
surfaces  of  the  holes  clean  and  rough  and  shall  be  filled  with  mortar  as 
specified  in  paragraph  5-11  (a),  immediately  upon  removal  of  the  forms. 
Wire  ties  will  not  be  permitted  without  the  approval  of  the  contracting 
officer,  and  at  no  time  where  the  concrete  surface  will  be  exposed  to 
weathering  and  where  discoloration  will  be  objectionable.  All  forms 
shall  be  so  constructed  that  they  can  be  removed  without  hammering  or 
prying  against  the  concrete.  Unless  otherwise  indicated,  suitable  moldings 
shall  be  placed  to  bevel  or  round  exposed  edges,  at  expansion  joints  and/or 
any  other  points  as  may  be  required  by  the  contracting  officer. 

(c)  Coating.  -  Forms,  except  those  lined  with  absorptive  form 
lining,  shall  be  coated  with  a  non-staining  mineral  oil  which  shall  be 
applied  shortly  before  the  concrete  is  placed. 

(d)  Removal.  -  Forms  shall  not  be  removed  without  the  approval 
of  the  contracting  officer,  and  all  removal  shall  be  accomplished  in  such 
manner  as  will  prevent  injury  to  the  concrete.  Forms  shall  not  be 
removed  before  the  expiration  of  the  minimum  number  of  days  indicated 
below,  except  when  specifically  authorized  by  the  contracting  officer. 
When,  in  the  opinion  of  the  contracting  officer,  conditions  on  the  work 
are  such  as  to  justify  it,  forms  may  be  required  to  remain  in  place  for 
longer  periods. 

Arches,  beams  and  slabs    14  days 
Columns  7  days 

Walls  and  vertical  faces    2  days 

(e)  Absorptive  Form  Lining.  -  In  addition  to  the  requirements 
for  work  specified  above,  the  forms  for  all  permanently  exposed  surfaces, 
including  the  spillway  apron,  the  upstream  and  downstream  faces  of  the  dam 
and  the  training  walls,  not  covered  by  backfill;  bridge  piers,  parapet, 
spray  walls,  pierhouses,  guardhouses,  and  galleries  through  the  dam 
shall  be  constructed  of  matched  lumber,  approved  by  the  contracting 
officer,  and  lined  with  absorptive  lining.  The  absorptive  form  lining 
shall  be  capable  through  its  absorptive  capacity  of  eliminating  voids, 

pits  and  other  comnion  defects  from  the  surface  of  the  concrete  placed  against 
it.  The  form  lining  shall  be  highly  absorptive  to  a ir  and  water  an^  shall 
possess  surface  characteristics  such  as  will  result  in  a  dense  concrete 
with  a  satisfactory  surface  texture,  and  the  minimum  amount  of  sticking  of 
the  lining  upon  removal  of  the  forms.  Tie  lining  shall  be  readily  adaptable 
to  cutting,  fitting  and  any  other  operation  necessary  in  connection  with  its 
use.  The  lining  itself,  and  any  coating  or  treatment  employed  in  its  manu- 
facture, shall  be  such  as  will  not  create  discoloration  or  interfere  with 
the  normal  chemical  reactions  of  the  cement  in  the  concrete.  The  type  of 
lining  shall  be  subject  to  the  approval  of  the  contracting  officer.  Tests 
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shall  be  made  by  the  contractor  of  all  proposed  absorptive  lining  as  directed 
by  the  contracting  officer.  These  tests  shall  include  the  use  of  absorptive 
form  lining  on  concrete  surfaces  in  the  dam  which  will  be  later  covered  by 
backfill.   Samples  shall  also  be  furnished  to  the  Government  for  laboratory 
tests,  before  approval  of  any  type  of  lining  by  the  contracting  officer. 
Horizontal  joints  will  not  be  permitted  in  absorptive  form  lining  except  a  t 
horizontal  construction  joints  in  the  concrete  unless  otherwise  directed 
or  approved  by  the  contracting  officer.  Other  joints  in  absorptive  form 
lining  shall  be  made  only  where  directed  or  approved  by  the  contracting 
officer.  For  cutting  and  trimming  the  absorptive  lining,  the  contractor 
shall  use  tools  which  are  well  adapted  for  this  work  and  are  maintained 
in  sjch  condition  that  smooth  edges  will  be  produced.  The  joints  between 
the  sheets  of  absorptive  form  lining  shall  be  fitted  smoothly  and  accurately, 
and  patching  of  the  sheets  of  absorptive  form  lining  /^ill  not  be  permitted. 
At  joints,  the  edges  of  the  form  lining  shall  be  in  contact  but  shall  not 
be  pressed  tightly  to.:-ether.  Absorptive  form  lining  shall  be  attached  to 
the  forms  with  only  a  sufficient  number  of  nails  or  other  means  to  hold  the 
lining  snugly  in  contact  with  the  surface  of  the  forms,  and  free  from  bulges 
and  other  imperfections  that  might  cause  unevenness  or  roughness  of  the 
concrete  surfaces.  Noils  shall  be  driven  so  that  the  under  side  of  the  nail- 
heads  will  be  flush  with  the  surface  of  the  absorptive  lining,  and  care  shall 
be  taken  not  to  make  dents  in  the  surface  of  the  lining  with  hammers  or  in  any 
other  manner.  After  the  absorptive  lining  has  been  nailed  in  place,  the 
joints  shall  be  rubbed  with  a  smooth  tool  to  make  the  joints  smooth  and  to 
press  down  any  projecting  fibers.  In  tightening  the  form  anchors  where 
absorptive  form  lining  is  in  contact  with  the  face  of  a  previous  lift, 
sufficient  pressure  shall  be  applied  to  compress  the  lining  at  the  surface 
of  contact  so  as  to  compensate  for  the  reduction  in  thickness  of  the  lining 
not  in  the  surface  of  contact  which  will  be  caused  by  the  pressure  of  the 
freshly  placed  concrete.   Insofar  as  practicable,  the  contractor  shall  avoid 
splashing  mortar  or  concrete  on  the  absorptive  lining  and  shall  remove, 
without  damage  to  the  lining,  such  coatings  as  have  set  or  become  dry  before 
the  concrete  is  placed  against  the  lining.   Absorptive  form  lining  of  fibrous 
materials  shall  be  used  only  once  unless  it  can  be  demonstrated,  to  the  satis- 
faction of  the  contracting  officer,  that  re-use  is  practicable.  After  use, 
form  lining  shall  be  removed  from  the  site  of  the  work  or  disposed  of  as 
approved  by  the  contracting  officer.  Forms  lined  with  absorptive  lining  shall, 
in  ^neral,  be  removed  or  loosened  early  enough  to  avoid  difficulty  from 
sticking;  except,  the  form  shall  be  allowed  to  remain  in  place  for  a  suff- 
icient length  of  time  to  provide  adequate  support  for  the  concrete,  as  de- 
termined by  the  contracting  officer.  Fibers  from  the  lining  which  adhere  to 
the  concrete  when  the  forms  are  removed,  shall  be  removed  without  damage  to 
the  concrete,  ly  brushing  or  other  suitable  means,  as  approved  by  the  contract- 
ing officer.  At  all  tines  subsequent  to  delivery  of  the  absorptive  form 
lining  and  prior  to  the  placing  of  concrete  against  the  lining,  the  contract- 
or shall  take  all  precautions  necessary  to  protect  the  lining  from  becoming 
damp  or  wet  to  such  an  extent  as  to  damage  the  material  or  to  reduce  its 
effectiveness  as  an  absorptive  medium.  Particular  care  shall  be  exercised  to 
protect  absorptive  form  lining  during  clean-up  operations,  and  temporary 
protection  of  such  lining  will  be  required.  The  use  of  absorptive  form  lining 
which  has  become  wet  or  which  contains  visible  external  defects  such  as  holes, 
ragged  or  untrue  edges,  breaks,  cracks,  tears,  protuberances  or  indentations, 
will  not  be  permitted. 
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5-14.   PLACING  STEEL  REINFORCEfENT. 

(a)  General*  -  All  reinforcing  steel  called  for  on  the  drawings  or 
authorized  by  the  contracting  officer  will  be  furnished  to  this  contractor  by 
the  Government,  (see  paragraph  1-10).  The  contractor  shall  unload  and  place 
all  steel  reinf orcenent ,  including  rods,  fabric  and  structural  shapes  as  in- 
dicated on  the  drawings  or  otherwise  required.  The  contract  unit  price  for 
•Steel  Erection;  Concrete  Reinforcing,"  shall  include  unloading,  hauling  to 
site,  cleaning,  proper  storage  and  straightening,  if  necessary.   All  re- 
inforcement shall  be,  when  surrounding  concrete  is  placed,  entirely  free 
from  loose  scale,  dirt,  grease  or  other  coating  which  might  de?troy  or  reduce 
its  bond  with  the  concrete.  All  placing  shall  be  in  accordance  with  drav/ings 
furnished  or  approved  by  the  contracting  officer. 

(b)  Cutting  and  Bending.  -  Steel  reinforcement  will  be  mill  bent. 
Miscellaneous  bending  that  may  be  required  at  the  site  shall  be  in  accordance 
with  standard  approved  practice  and  by  approved  machine  methods.  Bar  lists  and 
bending  schedules  will  be  as  shown  on  the  drawings. 

(c)  Q,uality«  -  The  steel  reinforcing  shall  conform  to  the  requirements 
of  paragraph  9-05* 

(d)  Llinimum  Spacing  of  Rods.  -  The  spacing  of  rods  shall  be  as  in- 
dicated on  the  drawings  and  the  clear  distance  between  parallel  rods  shall 
not  be  less  than  li  times  the  diameter  of  round  rods,  or  twice  the  side  dimen- 
sions of  square  rods,  but  in  no  case  shall  the  clear  spacing  between  the  bars 
be  less  than  Ij^  times  the  maximum  size  of  the  coarse  aggregate  used  in  the 
concrete,  unless  specifically  authorized  by  the  contracting  officer. 

(e)  Relation  of  ^ods  to  Concrete  Sixrfaces.  -  Except  where  othei*Wise 
indicated,  reinforcement  shall  be  placed  as  follows: 

(1)  All  main  reinforcement  in  massive  concrete  sections  shall 
be  placed  not  less  than  4  inches  from  any  concrete  surface,  unless  otherwise 
specifically  indicated  or  authorized. 

(2)  All  main  reinforcement  in  walls  and  slabs  of  buildings 
exposed  to  the  weather  and  in  f ire-resistent  construction,  shall  be  placed 
not  less  than  1  inch  from  the  surface  in  wells  and  slabs,  ij  inches  in  floor 
beams,  and  2  inches  in  girders  and  columns.  In  interior  flat  slab  construction, 
the  minimum  cover  may  be  reduced  to  3/4  inch.  For  interior  work  where  fire 
hazard  does  not  exist,  the  main  reinforcement  shall  be  placed  not  less  than 

3/4  inch  from  the  surface  in  walls  and  slabs,  1  inch  in  floor  beams,  and  li 
inches  in  girders  and  columns. 

(3)  The  covering  of  stirrups,  spacer  rods,  and  similar  secondary 
reinforcement  may  be  less  than  the  above  dimensions  by  the  diameter  of  such 
rods.  The  above  dimensions  shall  be  measured  from  the  face  of  the  reinforce- 
ment to  the  face  of  the  forma. 

(f )  Splicing.  -  Where  splices  in  reinforcen^nt,  in  addition  to  those 
indicated  on  drawings  or  directed  by  the  contracting  officer,  are  necessary, 
there  shall  be  sufficient  lap  to  transfer  the  stress  by  bond.  Rods  shall  be 
lapped  not  less  than  40  diameters  and  splices  shall  be  staggered.  The  lapped 
ends  of  rods  shall  be  separated  sufficiently  or  connected  properly  to  develop 
the  full  stren,/+-,h  of  the  rods.  Adjacent  sheets  of  mesh  reinforcement  shall  be 
spliced  by  lapping  not  less  than  6  inches,  the  lapped  ends  being  securely 
wired  together.  The  expense  caused  by  any  laps  other  than  those  indicated  on 
the  drawings  or  directed  to  be  placed  by  the  contracting  officer,  which  are 
provided  for  the  convenience  of  the  contractor,  shall  be  borne  by  the  contrac- 
tor. 

(g)  Supports.  -  All  reinforcements  shall  be  secured  in  place,  true 
to  the  lines  and  grades  indicated,  by  use  of  metal  or  concrete  supports, 
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spacers  or  ties  as  approved  by  the  contracting  officer.  Such  supports  shall 
be  of  sufficient  strength  to  maintain  the  reinforcement  in  place  throughout 
the  concreting  operation,  and  shall  be  used  in  such  a  manner  that  they  will 
not  be  exposed  on  the  face  of,  nor  in  any  way  discolor  nor  be  noticeable  in  the 
surface  of  the  finished  concrete.  The  cost  of  furnishing  and  placing  all 
supports,  spacers,  ties  and/or  other  devices  required  for  reinforcement  shall  be 
included  in  the  contract  unit  price  for  "Steel  Erection;  Concrete  Reinforcing." 

(h)  Protection  for  Futvtre  Use*  -  Exposed  reinforcement  intended 
for  bonding  with  future  work  shall  be  protected  from  corrosion  by  heavy 
wrapping  of  burlap  saturated  with  bituminous  material. 
5-15.  EMBEDDED  ITEIG. 

(a)  Before  placing  concrete,  care  shall  be  taken  to  determine 
that  any  embedded  metal  or  wood  parts  are  firmly  and  securely  fastened  in 
place  as  indicted.  They  shall  be  thoroughly  clean  and  free  from  coating, 
rust,  paint,  scale,  oil,  or  any  foreign  matter.  The  embedding  of  wood 

in  concrete  shall  be  avoided  whenever  possible,  metal  being  used  instead. 
If  wood  is  allowed,  it  shall  be  thoroughly  wetted  before  the  concrete  is 
placed.  Any  air  or  water  lines  or  other  materials  embedded  in  the  structure 
as  construction  expedients  shall  conform  to  the  above  requirements  and  upon 
completion  of  their  use  shall  be  baokfilled  with  concrete  or  grout  as  directed 
by  the  contracting  officer.  No  payment  will  be  made  for  such  items  nor  for 
backfill  of  the  items. 

(b)  For  the  placement  of  structural  steel  in  piers,  see  Section  VII. 

5-16.   EXPANSION  AND  CONTRACTION  JOINTS. 

(a)  General.  -  Expansion  and  contraction  joints  shall  be  con- 
structed at  such  points  and  of  such  dimensions  as  may  be  indicated  or  required. 
The  method  and  materials  used  shall  be  subject  to  the  approval  of  the  con- 
tracting officer  'md   the  materials  shall  conform  to  Federal  Specifications 
wherever  applicable.  In  no  case  shall  corner  protection  angles  or  other 
fixed  metals  embedded  in  the  surface  of  the  concrete  and  bonded  be  continuous 
through  an  expansion  joint. 

(b)  Built-up  Joint  Filler.  -  Joints  between  dam  monoliths  shall 
contain  a  built-up  joint  filler  where  indicated  on  the  drawings  and  as 
described  below  unless  otherwise  directed  by  the  contracting  officer:  the 
area  of  th^  joint  between  the  metal  water  stop  and  the  upstream  face  of  the 
dam;  areas  of  the  joint  between  the  surfaces  of  the  galleries  and  the 
surrounding  metal  water  stops;  and  in  other  places,  a  strip  18  inches  wide 
adjacent  to  final  exposed  surfaces.  The  filler  shall  consist  of  one  thickness 
of  30  lb.  asphalt -saturated  roofing  felt  (see  paragraph  9-32).  joined  to  the 
concrete  on  each  face  of  the  joint  by  a  uniform  trowelled  layer  of  bituminous 
cement  Type  "B"  (see  paragraph  9-20(a)), 

(c)  Preformed  Joint  Filler.  -  Preformed  joint  filler  shall  be  used 
in  the  expansion  joints  of  the  parapet  railing,  the  upstream  gantry  girder, 
the  vertical  joints  between  the  parapet  piers  and  the  sidewalk,  and  elsewhere 
as  indicated  on  the  drawings  or  otherwise  inquired  by  the  contracting  officer. 
It  shall  be  nonextruding  and  resilient  preformed  expansion  joint  filler  con- 
forming to  type  II,  self -expanding  cork,  of  Federal  Specification  FH-F-341» 
and  shall  be  1  inch  thick  as  indicated  on  the  drawings.  Pieces  of  the  joint 
filler  which  have  been  deformed,  broken,  or  otherwise  damaged  shall  not  be 
used.  Care  shall  be  taken  in  placing  so  that  strips  of  the  joint  material 
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will  butt   tightly  against   the   adjoining  one. 

(d)  Rubber  Filler  for  Joints*   -  A  poured  rubber  joint   filler 
conforming  to  the   requirements  of   paragraph  9-15  shall  be  used   in  the 
construction  joints  of  the   bridge  deck  and  in  other   joints  above   the 
preformed   joint   filler  and  elsewhere  as   indicated  on  the   drawings   or 
otherwise   required   by  the  contracting  officer.      The  surfaces  to  be   sealed 
shall   be  substantially  dry  and   shell   be   thoroughly     cleaned   of  all   loose 
scale,   dirt,   and  other  foreign  matter  preparatory  to  pourine:  the    joint 
filler.     A  block  or  form  shall   be  used  at  each  end    to  hold   the  material 
in  the   joint  until   it  has  set,   and   the   filler  shc^^l  be  poured  flush 

with  the   surface   of  the  adjoining  co; crete   or  steel.  Precautions   shall 
be  taken  to  prevent  pouring  any  material  on  the  exposed   surfaces  adjacent 
to  the   joint. 

(e)  Water  Stops,   Bituminous  and  ]V^tal«   -  Metal  water  stops  at 
the  upstream  face  of  the  dam  at  vertical   joints   shall  be  backed  up  by  six 
inch  diameter,  wells  filled  with  special   bituminous   filler,    type  "C", 
containing  a  steam  heating  unit,   all  as   detailed  and  shown  on  the  drawings. 

The   six-inch  wells   shall   be  formed  by  halved   concrete   pipe   on  one  side 
of   the   well.     The  halved   concrete   pipe   shall  be  non-reinforced,   and   of 
bell  and   spigot  pattern,   and   shall   conform  to  Federal  Specification  SS- 
P-371.     The  minimum  thickness  of  shell  shall  be  one   inch  and  depth  socket 
two  inches.     The  halved  or  split  faces  shall  be   smooth  and   in  one   plane. 

.43   the  dam  progresses   in  height,    sections   of  the   steam  heating  unit 
shall   be   installed   in  the   wells,  and   the  wells    shall   be   filled  solid 
with  bituminous  material.      The  special  bituminous   filler,    type   "C" 
shall  conform  to  the  requirements  of  paragraph  9-20.      ^^fter  completion 
of  the   dam,   e3ch  vertical   joint   shall   be   heated  by   steam  until   the 
bituminous  material   is  melted,   and   additional   bituminous  material  shell 
then  be   introduced  from  the  service  gallery  under  pressure  until  no  more 
can  be   added  under  pressures  up   to  100  pounds  per  squar-e   inch  or  as 
directed   by  the  contracting  officer.     This   filler  will   be   supplied  from  the 
service  gallery  through   ?,  4-ii^ch  wrought  iron  pipe.      Inside   this  feeder 
pipe,   and  extending  in     continuous   circuit  from  the   bottom  to  the  top  of 
the   six-inch  well,   shall   be  placed   the  3/4-inch  wrought   iron   ^team  pipe 
for  use  as  a   heater  coil  to   soften    Lhe   bituminous  filler.     The  4-inch 
wrought  iron  pipes  shall  extend  beyond  the  surface   cf   the   concrete  3nd   sh^ll 
be  fitted  with  steel  flanges   as  shown  on  the  drawing.      The  wrought   iron 
steam  pipes  and   3/4-inch  nipple   for  supplying  bituminous  material   shall  extend 
2   inches  beyond   the   flange   on  the  4-inch  pipe  and   sh?ill   be   threaded  and 
capped.     All   wrought  iron  pipe   shall   be  genuine   wrought   iron  conforming  to 
the  requirements   of  paragraph  9-22. 

The  metal  water  stops   shall  be    of  l6-gaug8    corrupted    tiack  iron  26-inches 
wide  conforming  to  the   requirements   of  par-^-graph  9"06,   painted  with  bituuiinous 
paint,   and  bent  as   shown  on  the  drawings.     The   ends   of   the  strip  shall  be 
joined  together  and  made  watertight  by   welding  which  shall  be   subject   to   the 
approval  of   the   contracting  officer.    The    bottom  of  eccfe   water  stop  at 
monolith  contraction   j'-ints   shall  be  embedded  6  inches  in  firm  rock  and 
recess  filled  with  mortar  and  mortar  allowed  to  harden  before  placinsr 
first   lift  of  the   foundations.      Immediately  after  removal   of   the   form,    the 
exposed  metal  wat^r  stops,   concrete  pipe  and   steam  pipe    shnll   be   protected 
by  boxes   approved  by  the  contracting  officer. 

Other   TSter  stops   conforming  to  the   requirements   of  the  preceding 
paragraph  shall  he   installed  around   galler  openings  at   contraction   joints  and 
elsewhere   as  indicated  on  the  drawings,   or  as  otherwise  required. 
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If  supply  conditions  at  the  time  of  construction  permit  the  use  of 
copper  seal  strips,  the  contracting  officer  may  direct  that  they  be 
substituted  for  the  corrugated  iron  strips.  In  such  event  the  contractor 
shall  furnish  and  install  the  copper  strips  and  the  contract  price  will 
be  adjusted  for  any  difference  in  cost  in  accordance  with  Article  3  of   the 
contract.  Copper  strips,  if  used,  shall  conform  to -par.  9~11» 

5-17,  SAWDU3T  CONCRETE. 

(a)  Where  concrete  is  indicated  a s  a  filler  in t he  roofs  of  the 
buildings,  it  shall  be  mixed  in  the  approximate  proportion  of  Zj.  bags  of  cement 
to  7  cubic  feet  of  sand  and  7  cubic  feet  of  sawdust,  mixed  as  required  by 

the  contracting  officer.  The  sawdust  shall  be  saturated  with  water  when 
it  is  introduced  into  the  mixer.  Test  blocks  of  concrete  shall  be  made 
by  and  at  the  expense  of  the  contractor  before  the  concrete  is  placed,  to 
determine  the  correct  proportions  of  the  ingredients  to  obtain  a  sawdust 
concrete  of  proper  qualities  for  nailing  and  permanently  supporting  the 
roof  surfacing.  The  cement  and  sand  shall  conform  to  the  requirements  for 
regular  concrete  herein.  The  sawdust  shall  be  cuttings  of  pine  timber, 
coarse,  clean  and  free  from  dust,  shavings,  and  sticks,  passing  No.  4  siev© 
and  retained  on  No.  I6  sieve.  The  top  surface  of  the  concrete  shall  be 
given  a  smooth  and  even  finish,  and  have  a  uniform  slope  to  the  gutters. 

(b)  If  so  elected  by  the  contractor  and  a  pproved  by  t  he  con- 
tracting officer,  a  substitute  for  sawdust  may  be  used*  Any  such  sub- 
stitute must  be  a  commercial  product  of  proven  quality,  prepared  es- 
pecially as  a  roof  filler.  When  mixed  and  used  as  recommended  by  the 
manufacturer,  the  resulting  product  must  have  strength  and  nailing  pro- 
perties equivalent  to  that  of  S:!wdust  concrete  and  its  unit  weight  shall 
not  be  in  excess  of  that  of  sawdust  concrete  of  equivalent  quality. 

5-18.  PRECAST  POROUS  CONCRETE  DRAINS.  -  precast  porous  concrete  drains 
of  the  size  and  dimeasiong  detailed  shall  be  placed  as  indicated  on  the 
drawings.  The  porous  concrete  shall  be  mixed  in  the  proportion  of  one  part 
of  Portland  cement  to  five  parts  of  aggregate  by  weight,  the  amount  of  water 
being  such  (a  vvater-cement  ratio  of  0.33»  plus  or  minus,  by  weight)  that 
the  resulting  cement  paste  will  not  fill  the  voids  in  the  aggregate  but 
will  thoroughly  coat  and  bind  the  aggregate  particles.  The  aggregate  used 
shall  all  pass  a  screen  having  ^/li.-inch.   square  or  equivalent  round  openings 
and  shall  all  be  retained  on  a  screen  having  3/l6-inch  square  or  equivalent 
round  openings.  The  compressive  strength  of  the  porous  concrete  at  seven 
days,  as  determined  by  tests  of  6-inch  by  12-inch  cylinders  made  and  tested 
in  accordance  with  the  latest  standard  specifications  of  the  American  Society 
for  Testing  Llaterials,  shall  be  not  less  than  1000  lbs.  per  square  inch. 
The  porosity  of  the  concrete  at  seven  days  shall  be  such  that  water  will 
pass  through  a  slab  of  the  concrete  12  inches  thick  at  the  rate  of  not 
less  than  seven  gallons  per  minute  per  square  foot  of  slab,  with  a  constant 
4-inch  depth  of  vBter  on  the  slab.  Cement  and  aggregates  for  porous  concrete 
will  be  furnished  by  the  Government.  Payment  for  constructing  and  placing 
the  precase  porous  concrete  drains  will  be  made  at  the  con^tract  unit  price 
per  lineal  foot  for  "Drains;  Porous  Concrete." 

5-19.  lilEASUREMENT  AND  PAYMENT, 

(a)  Concrete,  General.  -  Measurement  of  concrete  will  be  made  on 
the  basis  of  the  actual  volume  of  concrete  within  the  neat  lines  of  the 
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structures  as  indicated   on  the   drawings  or  otherwise   required.     Msasurement 
of  concrete  placed  against   the   sides  of   the   excavation  without  the  use  of 
intervening  forms   will   be  made  only  within  the  neat   lines  of  the   structure. 
No  dedeuctions  will   be  made  for  rounded  or  beveled  edges  or  space  occupied 
by  metal  work,   electrical   conduits,   timber,   nor  for  voids  which  are  either 
less   than  five   (5)  cubic  feet  in  volume  or  one  (1)   square  foot  in  cross 
section.     Unless  otherwise   specified,   payment  for  concrete  will  be  made  at 
the  respective   contract  prices  per  cubic  yard  for  the  various  classes   re- 
quired,  which  prices  shall   include  the  use  of  all  equipment,   tools,  material, 
false-work,   forms  and   form  lining,   bracing,   bolts,   rods,  metal  ties,   dowels, 
preformed  expansion  joint  filler,    rubber  filler,   built-up  joint  filler, 
canvas,  mortar,    labor,    special  provisions  for  hot  and  cold  weather  placing 
and  curing,   and  all  other  items   reouired   to  conq>lete   the   concrete   work. 

(b)  Additional  Concrete.    '  Any  other  concrete    to   be  placed  and 
not   specifically  covered  above  will   be  paid   for  at   that   contract  unit   price 
for   the   concrete    specified  above  which  is  most  applicable   to  the  a dditionel 
concrete   placed  as  determined  by  the    contracting  officer.     The  decision  of 
the   contracting  officer  regerdins;  the-  classification  of  such  additional 
concrete   will  be   final.     No  payment  will   be  made  for  any  additional  material 
whch  may  be  authorized  by  the  contracting  officer  at  the  request  of  and 
primarily  for  the   benefit  of  the  contractor,   which   is  not  found  necessary 
and  required  and  directed  by  the   contracting  officer  under  the  provisions 

of   these  specifications. 

(c)  Measurement  and  fSyment  for  Steel  Reinforcement.   -  Steel 
reinforcement  will  be  paid  for  at  the   contract  unit  price  per  pound  for 
"Steel  Erection;    Concrete   Reinforcing."     The  weights  for  payment   shall   be 
based  on  the   amount  actually  placed   in  accordance  with   the  dimensions  and 
details  on  the  bar  schedules   furnished  by  the  Government   or  placed  as 
directed  by  the  contracting  officer.     Unit  weights  used   in  determining 
computed  weights  will  be  as  follows: 

Size  of  Bars,   Inches         Weight,   Pounds  per  Foot 

3/8  round  0.376 

1/2  round  0.668 

1/2   square  O.850 

5/3  round  1-043 

3/4  round  I.502 

7/8  round  2.044 

1       round  2.670 

1        square  3*400 

1-1/8  square  4 '303 

1-1/4  square  5*313 

(d)  iMsasurement  and   Payment  for  Water  3top3.   -  payment  for 
furnishing  and  installing  the   bituminous  cement  in  the    ;«ll3  in  the  water 
stops  will  be  made  at  thg  contract  unit  price  per  cubic  foot  for  "Special 
Bituminous  Filler,  Type    'C;'"  measured  in  place   to  the   section  indicated 
or  required.     Payment  for  funishing  and  installing  corrugated  iron  water 
seals  will  be  made  at   the   contract  unit  price  per  pound  for  "Corrugated 
Iron  Water  '^tops,"  end   shall   include  all   cost  of  painting,    joining  the  ends, 
placing,   protecting,  and  embedding  in  the  foundations  and   sealing  with  grout. 
The  payment  for  furnishing  and  placing  the   following  items  will  be  made  at 
the   contract  unit  price   as  follows:  per  pound  for  "Pipe;   Wrought   Iron," 

and  per  lineal  foot  for  "Pipe;   Concrete,   Halved." 
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Specifications:  Long  Sault  Dam 

SECTION  VI  -  BRIDGE  AND  ROADY/AY 

6-01.   GEI'TERaL.  -  The  bridge  spanning  the  spillway  section  of  the  dam 
will  consist  of  40  concrete  encased  steel  girder  spans,  each  approximately 
60  feet  in  length  center  to  center  of  supporting  piers,  with  a  clear  gate 
opening  of  50  feet.  Each  span  will  consist  of  three  separate  girders  v/ith 
a  foutth  girder  supporting  the  upstream  g:.ntry  r;iil.  The  bridge  deck  includes 
a  20 -foot  roadway,  a  standard  gage  railroad,  und  supports  one  rail  of  the 
gantry  track,  all  as  shovm  on  the  drawings.  The  upstream  gantry  rail  is 
supported  by  a  separate  concrete  encssed  girder  ;ind  will  be  considered  -s 
part  of  the  bridge  and  roadway  of  this  section  of  the  specifications ,  A 
service  bridge  of  structural  steel  with  grating  floor  will  be  supported  under 
the  roadway  as  shovm  on  the  drawings.  Constrjction  and  expansion  ..oints  shall 
be  as  indicated  on  the  drawings  or  as  otherv/ise  approved  by  the  contracting 
officer.   It  is  intended  that  the  bridge  deck  spans  over  the  first  14  spill- 
way openings  on  the  south  end  of  the  dam,  except  for  concrete  parapets,  shall 
be  erected  as  soon  as  pier  monoliths  1-to  14  are  ready  to  receive  them,  the 
crane  rails  placed  and  one  tr  .veling  g mtry  crane  erected  and  placed  in 
operation,  so  that  the  crane  may  be  used  to  operate  the  first  I3  diversion 
gates.  During  the  second  stage  of  construction,  the  bridge  deck  and  gantry 
rails  over  the  next  7  openings  shall  be  erected  as  soon  .is  pier  monoliths 
15  to  21  are  ready,  in  order'  to  per-^it  operation  of  the  diversion  gates  in 
openings  I6  to  20  inclusive. 

6-02.  STEEL  GIRDSR  SPANS  AND  SEPIVICE  BRIDGE.  -  The  steel  girder  spans 
and  service  bridge  shall  be  erected  but  not  f-;rnished  by  the  contractor, 
see  paragraph  1-10  and  Section  VIII, 

6-03,   CONCRETE.  -  The  piers  shall  be  of  Cluss  "B"  concrete.  The 
bridge  floor,  girder  encasements  and  the  parapet,  including  the  pilasters 
above  the  bridge  floor,  shall  be  of  Class  "A"  concrete.  Forms  for  pil- 
asters^ and  parapets  shall  be  provided  with  form  lining  iS  specified  in  para- 
graph 5-13  (©)•  Special  care  shall  be  taken  in  order  that  no  horizontal 
joint  is  apparent  at  the  junction  of  the  bridge  floor  anu  parapet.  Forms 
shall  be  cambered  for  dead  load  deflection,  v.s  directed  by  the  contracting 
officer,  to  avoid  any  sag  in  horizontal  concrete  lines  or  surfaces. 

6-04.   CONCRETE  FINISHING. 

(a)  Pavement.  -  After  the  concrete  in  the  roadway  has  been  brought 
to  a  true  uniform  grade  it  shall  be  struck  off  with  a  heavy  template  to  the 
cross-section  indicated  on  the  drawings.  The  pavement  shall  receive  a  wood 
float  finish  as  specified  in  paragraph  5-11  (a)»  Prior  to  final  finishing 
operations,  the  surface  shall  be  tested  for  trueness  of  surface  and  grade 
and  any  deviation  exceeding  one-eighth  of  an  inch  in  ten  feet  shall  be 
immediately  corrected, 

(b)  Sidewalks.  -  The  sidewalk  shall  receive  a  wood  float  finish 
as  specified  in  paragraph  5-11  (a).  The  edge  shall  be  finished  by  a  steel 
edginfe  tool  to  a  smooth  dense  surface. 
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6  -05  .    MISC  ELLANEOUS . 

(a).  Sidevjglk  and  Ro£,dv/ay  Drains.  -  The  contractor  shall  furnish 
.nd  install  sidewalkf jand  roadway  drains  complete  :s  shown  on  the  drawings. 
The  drains  shall  be  located  and  dimensioned  as  shown  on  the  drawings,  and 
the  materials  shall  conform  to  the  applicable  requirements  of  Section  IX. 

(b)  Handrailin^.  -  (See  para^^ph  lii-Ol), 

(c )  Gutters  of  l6-oz,  copper  shall  be  placed  under  the  expansion 
joints  In  the  spillv/ay  bridge  deck  as  nho-;7n  on  the  drawings. 

(d)  Points  and  Painting.  -  (See  Section  X). 

(e)  Electric  conduitsnertaining  to  the  powr^r  and  lighting  system 
shall  be  as  specified  in  Section  XIV  or  shown  on  the  drawings. 

(f )  All  pipes  and/or  conduits  which  cross  expansion  joints  shall 
be  fitt3d  with  suitable  water  tight  sleeves,  sjitisfactory  to  the  contract- 
ing officer,  to  allow  for  expansion  and  contraction  at  the  joint.  The 
weight  of  the  sloeves  will  be  included  in  the  weight  for  the  pipe  or  con- 
duit of  v.hich  they  form  a  part. 

6-06.   PAYT>!ENT . 

(a)  Payment  for  the  bridge  concrete  will  be  made  at  the  respect- 
ive contract  unit  price  for  the  class  required  and  will  include  the  cost 
of  finishing  for  the  roadway  and  sidewalks. 

(b;  Erection  of  the  steel  girders  for  the  bridge  and  gantry  crane 
and  the  steel  for  the  surface  bridge  under  the  roadway,  including  all  embed- 
ded parts  and  fastenings  pertaining  thereto,  will  be  paid  for  as  provided  in 
paragraph  3-06  (a). 

,(c)  The  paym.ent  for  placing  the  gantry  rails,  and  railroad  rails 
including  the  bearing  plates  and  anchorages  as  shown  on  the  drawings,  will 
be  made  as  provided  for  in  parsgrrph  S-O6. 

(d)  The  weight  of  cast  iron  sidewalk  and  roadway  drains,  furnished 
and  installed,  shall  be  included  in  the  bid  item.  "Iron;  Cast,"  and  payment 
will  be  m:ide  at  the  contract  unit  price  per  pound  for  that  item. 

(e)  Payment  for  furnishing  and  placing  copper  gratters  will  be 
made  at  the  contract  unit  price  per  pound  for  "Copper;  Sheet  ■• 
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Speeifleatloast  Long  Sault  Oea 

SECTION  VII 
SPILLWAY  GATES,  GANTRY  CRANES.  FIXED  HOISTS,  AND  APFDRTENANCES 
7-01.  REQiaiRBIENTS. 

(a)  The  work  covered  by  this  »eotloa  ccaoprisea  the  nnloaOliig, 
storing,  erecting,  painting,  insulating  and  testing  of  the  spillway  gates, 
fixed  hoists,  gantry  cranes,  and  appurtenances.  Apptirtenances  include 
structural  steel  guide  towers,  hoist  towers,  gate  track  and  guide  rails, 
sills,  dogging  equipment,  lifting  beams,  crane  collector  bars  and  supports, 
and  all  castings,  bearing  plates,  anchor  bolts,  machine  bolts,  field  rirets, 
angle  curbing,  recess  frames  and  other  required  fittings  for  the  foregoing 
items*  Placing  of  masonry  plates,  sills,  and  any  other  items  requiring 
grouting  in  place  shall  include  the  grouting.  Erection  of  the  sills  shall 
include  pouring  the  babbitt  sealing  surface  but  payment  for  furnishing  the 
babbitt  will  be  made  as  noted  in  paragraph  7-12(e).  All  necessary  fitting, 
welding  and  brazing  for  the  foregoing  items  shall  be  included  in  the  unit 
price  for  erection.  Field  painting  shall  be  in  accordance  with  Section  X 
of  these  specifications.  Field  rireting,  welding  and  brazing  shall  be  in 
accordance  with  paragraph  14-15  of  these  specifications.  Babbitt  and  other 
materials  shall  be  as  specified  in  Section  IX.  The  work  shall  be  complete 
as  herein  specified,  but  this  section  does  not  cover  concrete  work  except 
for  grouting  incidental  to  erection  of  sills,  masonry  plates,  anchor  bolts 
and  similar  items. 

(b)  The  material  and  equipment  to  be  erected,  except  as  noted 
below,  including  rivets  and  permanent  connecting  bolts,  n^ill  be  furnished 
by  the  Government.  (See  paragraph  1-10.)  The  contractor  shall  furnish  the 
eonstruction  plant  and  all  field  paint,  insulating  compound,  babbitt,  solder, 
grease,  welding  rods,  fitting-up  bolts,  tools,  appliances,  and  any  other 
Items  incidental  to  handling,  storing,  erection,  painting  and  testing. 

7-02.  GENERAL  DESCRIPTION. 

(a)  Bn bedded  Parts.  The  embedded  parts  will  consist  of  two 
structural  steel  guide  towers  in  each  spillway  pier,  anchor  bolts  and  mason- 
ry plates  for  the  towers,  anchor  bolts  for  the  sills,  and  for  the  hoist 
towers,  angle  curbing  at  the  gate  slots  and  recess  frames  for  dog-operating 
levers,  and  heater  connection  junction  boxes. 

(b)  Gate  Track  and  Guide  Rhils.  The  rails  in  the  pier  will  con- 
sist of  a  175#  track  rail  and  a  k3»7f  A.S.C.E.  guide  rail  for  each  gate  slot 
set  vertically  and  fastened  to  the  towers  by  cap  nuts  which  are  welded  to 
the  tower  members,  stainless  steel  studs  and  rail  clips.  Provision  will  be 
made  for  the  lateral  adjustment  of  the  17^  rail  and  for  adjustment  of  the 
49 -T^  rail  both  laterally  and  in  an  up-and -downstream  direction. 

(c)  Sills.  The  sills  will  consist  of  two  structural  steel  rolled 
H-sections  in  each  gate  opening  with  slots  formed  on  the  top  flanges  by  steel 
bars  welded  on.  The  purpose  of  these  slots  is  to  contain  babbitt  metal  to 
form  the  horizontal  gate-sealing  surface.  The  sills  will  be  placed  in  grout 
slots  left  in  the  concrete  of  the  spillway  and  will  be  held  in  place  by 
anchor  bolts  and  by  field  welds  to  the  guide  towers  at  the  ends.  Joints  will 
be  located  at  the  contraction  joints  in  the  spillway  and  copper  water  stops 

will  be  provided. 

(d)  Dogging  Aaaemblies.  The  dogging  assemblies  will  consist  of 
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east  8teel  dogs  in  the  piers  operated  by  hand  levers  at  the  tops  of  the  piers 
and  vertical  push  rods  running  through  pipe  casings  to  the  dogs.  The  dogs 
will  be  mounted  on  horizontal  pins  set  in  steel  supports  in  the  embedded 
towers. 

(e)  Spillway  Gates. 

(1)  The  spillway  gates  will  be  of  the  fixed-wheel  type  with 
the  wheels  cantilevered  outside  of  the  end  posts.  A  total  of  42  gates,  in- 
cluding two  spare  gates,  will  be  furnished,  consisting  of  24  single-section 
gates  and  18  double-section  gates  with  Joints  between  sections  at  varying 
elevations*  Eighteen  of  the  single-section  gates  and  the  top  sections  of 
all  of  the  double -sect ion  gates  will  be  furnished  equipped  for  temporary  use 
for  the  river  diversion  (see  paragraph  2-14)*  The  24  single-section  gates 
and  the  top  sections  of  6  of  the  double-section  gates  will  require  field 
splicing.  All  other  gate  sections  will  be  shipped  cciaplete,  except  for 
water  seals  and  heaters,  with  wheels  installed  and  aligned  and  with  lifting 
mechanisms  in  place.  Field  splices  will  involve  riveting  the  end  connections 
of  the  horizontal  girders  to  the  end  posts,  stitch-riveting  the  double  gir- 
der web  at  the  splice,  riveting  the  skin  plate  and  down  stream  tie  plate 
splices,  installing  and  aligning  wheels,  connecting  grease  lines  and  filling 
with  grease,  calking  or  calk-welding  all  Joints  in  contact  with  headwater, 
and  installing  the  lifting  and  coupling  mechanism  in  the  six  top  sections 
requiring  field  splicing.  The  lifting  and  coupling  mechanism  is  so  designed 
that  each  double-section  gate  may  be  lifted  as  a  unit,  or  each  section  lifted 
separately. 

(2)  At  each  end  of  each  gate  section  will  be  a  series  of  com- 
partments inclosed  by  the  skin  plate  on  the  upstream  side,  removable  cover 
plates  on  the  downstream  side,  the  end  post  of  the  gate,  and  the  inner  verti- 
cal diaphragms  which  carry  the  ends  of  the  wheel  axles.  The  webs  of  the  hori- 
zontal girders  will  form  the  top  and  bottom  of  each  compartment.  The  purpose 
of  these  air  spaces  is  to  provide  insulation  between  the  water  in  the  gate 
slots  and  the  air  on  the  downstream  side  of  the  gate.  Electric  heaters  will 
be  provided  for  installation  in  the  bottom  and  top  of  each  bottcm  section  of 
the  double -sect ion  gates.  These  heaters  will  run  lengthwise  of  the  gates  and 
will  be  inclosed  in  an  insulated  sheet  steel  inclosure  to  reduce  heat  losses. 
Flexible  water  proof  cables  will  connect  the  heaters  with  the  power  supply 

on  the  dam.  Heaters  and  electrical  connections  will  be  installed  by  others. 

(3)  The  water  seals  for  all  gates  will  be  shipped  separately 
to  be  installed  by  the  contractor. 

(f)  Gantry  Cranes.  -  Two  gantry  cranes  operating  on  the  same  run- 
way will  be  provided  for  operation  of  the  spillway  gates.  Crane  No.  1  will 
be  equipped  with  cantilever  extensions  of  the  trolley  tracks  and  housing  to 
permit  operation  of  the  river  diversion  gates  during  construction  and  a 
gasoline  driven  auxiliary  generator  for  operation  of  the  crane  in  case  of 
failure  of  the  main  power  supply.  Crane  No.  2  will  not  have  the  cantilever 
extension  or  a  gasoline  driven  generator  auxiliary  plant.  Each  crane  will 
be  equipped  with  a  lifting  beam  furnished  with  the  gates.  The  beams  will 

be  used  for  handling  the  permanent  gatest  and  on  crane  No.  1,  will  be  used 
for  temporary  operation  of  the  river  diversion  gates*  On  each  crane,  gates 
will  be  handled  by  two  fixed  main  hoists  on  a  single  trolley  which  will  move 
up  and  downstream.  The  main  hoist  for  crane  No.  1  will  be  of  260-ton  capa- 
city and  that  for  crane  Nb.^  of  173'*^on  capacity.  A  10-ton  auxiliary  hoist 
will  be  provided  on  the  trolley  of  each  crane.  The  crane  collector  bars 
will  be  located  in  a  steel  inclosed  slot  in  the  concrete  encasement  on  the 
upstream  side  of  the  upstream  crane  girder  6ver  the  spillway,  and  in  the  up- 
streem  face  of  the  north  bulkhead  section. 
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(g)  Hoists.  -  Each  double -sect ion  gate  opening  (designated  Nos, 
21  to  38  inclusive  on  the  drawings)  will  be  equipped  with  fixed  hoists  for 
independent  operation  of  the  gates.  The  175-ton  capacity  hoists  will  be 
similar  to  those  on  the  crane  trolleys  and  will  be  mounted  on  structural 
steel  towers  with  bases  on  the  pier  tops.  The  hoists  will  be  made  so  that 
they  may  be  removed  from  the  towers  by  either  of  the  gantry  cranes  in  order 
to  peimit  removal  of  the  gates  from  the  slots. 

7-03.  DflAV/INGS.  -  The  general  arrangement  of  the  material  and  equip- 
ment to  be  erected  is  as  shown  on  the  drawings.  CJomplete  erection  drawings 
will  be  furnished  by  the  contractor  by  the  contracting  officer. 

7-04.  UNLOADDIG  AND  HANELING.  -  All  material  and  equipment  shall  be 
carefully  handled  during  unloading  and  placing  in  final  position  so  that  no 
parts  v/ill  be  bent,  broken  or  otherwise  damaged.  Hammering  or  wedging  that 
will  distort  or  injure  the  members  will  not  be  permitted,  and  members  shall 
not  he  overstressed  during  the  process  of  unloading,  handling  and  erection. 
The  contractor  shall  unload  all  material  promptly  upon  arrival  at  the  site, 
otherwise  he  shall  be  responsible  for  demurrage  charges  and/or  damages. 
(See  paragraph  1-10.)  He  shall  check  all  material  turned  over  to  him  against 
shipping  lists  and  report  any  shortage  or  damage  discovered  promptly  in  writ- 
ing to  the  contracting  officer.   If  the  sequence  of  operations  requires  it  he 
shall  store  all  material  under  cover  and  protect  it  from  the  elements  until 
it  is  placed  in  final  position, 

7-05.  MBEDEED  PARTS.  -  All  parts  embedded  in  concrete  shall  be  clean 
and  free  from  coating,  rust,  paint,  scale,  oil  or  any  foreign  matter.  All 
anchor  bolts  and  masonry  plates  shall  be  accurately  set  and  grouted  in  place 
to  lines  and  grades  shown  on  the  drawings.  The  gate  guide  towers  shall  be 
accurately  plumbed  and  aligned  and  held  rigidly  in  position  during  deposit- 
ing of  the  concrete.  Curb  angles  and  recess  frames  shall  be  field-welded 
"it  the  points  indicated  on  the  drawings  and  held  to  true  position  vhile  the 
concrete  is  being  deposited.  Watertight  connections  shall  be  made  between 
the  bottoms  of  the  heater  casings  in  the  towers  and  the  drains  in  the  piers 
below  by  means  of  the  couplings  furnished  with  the  drains. 

7-06,  GATE"  TRACK  AND   GUIDE  RAILS.  -  After  the  pier  concreting  has  been 
completed  the  175#  track  rail  on  the  downstream  side  of  each  gate  slot  shall 
be  adjusted  to  a  plumb  position  and  to  correct  center-to-center  distance 
frcan  the  rail  in  the  opposite  slot  in  the  adjacent  pier  by  means  of  the  ad- 
justing studs  throvigh  the  rail  web.  The  rail  clips  shall  then  be  drawn  tight 
in  proper  position  against  the  rail  flanges  by  means  of  the  rail  clip  studs, 
providing  a  secure  and  rigid  fastening  to  the  guide  tower  members.  The  i+9»7# 
guide  rail  on  the  upstream  side  of  each  gate  slot  shall  then  be  adjusted  to  .a 
plumb  position  and  to  the  proper  distance  from  and  in  line  with  the  down- 
stream rail  in  the  same  slot  by  means  of  the  shims  and  adjusting  studs  pro- 
vided. The  fastenings  shall  be  dravm  tight  to  secure  a  firm  and  rigid  con- 
nection to  the  guide  tower  member.  The  rails  will  be  match -marked  in  the 
shop  before  shipping,  and  care  shall  be  taken  that  splices  are  made  rith  the 
proper  pieces  and  that  the  contours  of  the  heads  are  flush  at  the  joints. 

7-07.  SILLS. 

(a)  The  gate  sills  shall  be  set  by  means  of  the  anchor  bolts  and 
adjusting  nuts  to  proper  line  and  grade  in  the  grout  slots  provided.  The 
copper  water  stops  shall  be  fitted  neatly  to  the  sill  beams  at  the  joints  and 
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brazed,  the  brazed  connection  to  the  water  stop  in  the  spillway  made,  and 
the  ends  of  the  sills  welded  to  the  guide  towers.  The  whole  sill  assembly 
shall  be  held  rigidly  in  place  while  the  grout  is  being  poured.  Grout  shall 
be  poured  to  the  top  of  the  bars  welded  to  the  top  flange  of  the  sill  beams 
and  to  a  smooth  contour  with  the  spillway  curve.  Care  shall  be  taken  that 
grout  is  kept  out  of  the  recess  to  contain  the  babbitt  metal. 

(b)  After  the  grout  has  thoroughly  set,  the  slot  in  the  top  of  the 
sill  shall  be  filled  with  the  babbitt  metal  specified  and  to  a  height  of  1/4" 
above  the  bars.  The  temperature  of  the  babbitt  while  pouring  shall  be  ap- 
proximately 915°  F.  After  the  babbitt  is  poured  it  shall  be  hammered  thorough- 
ly so  as  to  completely  fill  the  slot,  and  shall  be  smoothed  off  flush  with  the 
tops  of  the  steel  bars  forming  the  slot.   It  is  important  that  the  surface  of 
the  babbitt  along  its  entire  length  lie  in  a  true  plane  to  match  the  bearing 
surface  on  the  bottom  of  the  gate. 

7-08.  DOGS  AKD  OPERATING  DEVICES.  -  After  the  piers  are  completed  the 
dogs  shall  be  installed  in  the  dog- supporting  members  in  the  piers  and  the 
pins  driven.  The  operating  rods,  levers  and  grease  piping  shall  then  be  in- 
stalled, ^  The  operating  rods  shall  be  adjusted  so  as  to  permit  free  movement 
of  the  dog  between  extreme  positions  shown  on  the  dra\\'ings. 

7-O9.  GATES.  -  The  gate  sections  requiring  field  splicing  will  be  com- 
pletely assembled  in  the  shop,  holes  for  field  rivets  reamed  and  the  sections 
match-marked  before  shipping.   Care  shall  be  taken  to  splice  the  proper  sec- 
tions. Splices  shall  be  riveted  except  for  points  requiring  welding  for 
watertightness.  Joints  may  be  calked  or  calk-welded  as  authorized  by  the 
contracting  officer.  After  the  structural  parts  of  the  gate  sections  are 
spliced,  the  wheel  assemblies  shall  be  installed  and  the  wheels  adjusted  to 
a  true  line  by  means  of  the  eccentric  provided  in  the  axle.  The  wheels  shall 
be  held  securely  in  this  position  by  bars  welded  on  either  side  of  the  flat- 
tened part  of  each  axle  to  the  inner  vertical  diaphragm  of  the  gates.  The 
bronze  retaining  nuts  shall  then  be  drawn  tight.  Grease  piping  shall  then 
be  installed  and  secured  in  place,  the  flexible  connections  made  to  the  fit- 
tings on  the  wheel  axles  and  the  wheel  bearings  filled  with  grease.  Each 
completely  spliced  section  shall  form  a  truly  plane  surface  on  the  skin  plate 
side,  the  end  posts  shall  be  parallel  and  at  right  angles  to  the  horizontal 
girders,  and  the  side  sealing  surfaces  shall  be  vertical  and  in  correct  align- 
ment. After  all  sections  are  spliced,  the  lifting  and  coupling  devices  shall 
be  placed  in  the  spliced  top  sections  and  connections  made  between  the  lift- 
ing bars  and  the  sliding  cross-heads.  Under  no  circvuastances  shall  the  double- 
section  gates  be  laid  flat  or  tilted  materially  out  of  a  vertical  plane  while 
the  sections  are  coupled  together.  Particular  care  shall  be  given  to  align- 
ing the  gate  wheels.  After  final  assembly,  lines  through  the  center  of  the 
wheel  treads  at  each  end  of  any  gate  shall  be  in  the  same  plane  and  parallel. 
Side  seals  for  all  gate  sections  shall  be  carefully  adjusted  to  provide  the 
proper  amount  of  play  in  the  holding  bolts.  The  rubber  seals  on  the  top  sec- 
tions shall  be  fitted  in  place  to  form  watertight  joints.  When  the  gates  are 
ready  for  installation,  the  inside  surfaces  of  each  compartment  at  the  ends 
described  in  paragraph  7-02(e)  (2),  except  the  intermediate  horizontal  girder 
webs  but  including  the  cover  plates,  shall  be  coated  v.ith  an  instulation  com- 
pound conforming  to  the  requirements  of  paragraph  9-I8.  The  minimum  thickness 
of  the  coating  after  drying  shall  be  1/2  inch.  The  preparation,  if  required, 
of  the  surfaces  to  be  coated  shall  be  such  as  to  cause  the  insulating  com- 
pound to  adhere  firmly  to  the  steel.  Care  shall  be  taken  to  avoid  coating  the 
wheel  axles,  grease  pipes  and  fittings. 
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7-10.   CRANES,  HOISTS,  LIFTING  BEAMS,  AND  COLLECTOR  BARS. 

(a)  The  gantry  cranes  with  lifting  beams  shall  be  installed  on  the 
gantry  runway  and  the  collector  bars  shall  be  placed  in  the  proper  position 
in  the  slots  provided.  Anchor  bolts  and  bases  for  the  fixed  hoist  towers 
shall  be  accurately  set  to  line  and  grade  and  the  towers  properly  aligned. 
The  hoists  shall  be  assembled  as  units,  set  on  the  towers,  fastened  in  place, 
and  electrical  connection  made.  Crane  No.  1  shall  be  erected  first,  and  tests 
as  specified  below  completed  before  the  scheduled  time  for  operation  of  the 
river  diversion  gates.  The  contractor  shall  adhere  to  the  best  modern  prac- 
tice and  workmanship  in  erection  and  testing  of  cranes,  hoist  towers,  hoists, 
lifting  beams,  and  collector  bars  and  shall  place  all  of  his  men  v/orking  on 
the  erection  and  testing  under  the  supervision  and  direction  of  the  erection 
engineer  furnished  by  the  crane  and  hoist  manufacturer.  The  services  of  the 
erection  engineer  will  be  paid  for  by  the  crane  and  hoist  manufacturer, 

(b)  The  contractor  will  be  permitted  to  use  either  or  both  gantrys 
and  equipment  in  doing  any  work  under  this  contract  for  which  they  are  suit- 
able, on  condition  that  he  shall  provide  competent  operators  and  proper  care 
for  the  cranes  until  the  completion  of  the  contract.  He  shall  also  provide 
any  necessary  temporary  electric  service  lines  and  power  for  crane  operation. 
Before  the  final  contract  payment  is  made,  the  contractor  shall,  if  required 
by  the  contracting  officer,  repaint  the  cranes  and  make  good  to  the  satisfac- 
tion of  the  contracting  officer  any  damage  to  them  that  may  have  resulted 
from  the  contractor's  use  thereof, 

7-11.  TESTING, 

(a)  After  installation  of  the  gate  dogging  devices,  the  parts  re- 
quiring lubrication  shall  be  greased  v,ith  an  approved  lubricant  and  the  whole 
assembly  tested  for  satisfactory  operation.  The  coupling  devices  in  the 
double-section  gates  shall  be  greased  and  tested  for  satisfactory  operation, 
the  centralized  wheel  greasing  systems  in  all  gates  checked  and  wheel  bear- 
ings filled  with  grease,  using  the  portable  grease  pump  furnished  with  the 
gates. 

(b)  After  separate  testing  of  the  coupling  and  dogging  devices, 
the  gates  shall  be  lowered  into  the  slots  and  each  gate  tested  by  raising  and 
lowering  it  several  times  throughout  its  full  range,  using  the  crane  for 
crane -operated  gates  and  the  individual  hoists  where  these  are  installed.  The 
dogging  devices  shall  be  tested  by  the  operation  of  dogging  each  gate.  Tests 
shall  be  repeated  and  necessary  adjustments  made  in  the  gates,  dogging  assem^b- 
ly  and  guides  until  the  operation  of  all  equipment  is  satisfactory  to  the  con- 
tracting officer. 

(c)  Field  tests  of  the  completed  cranes,  fixed  hoists,  and  lifting 
beams  shall  be  performed  by  the  contractor  as  directed  by  the  contracting 
officer.  Tests  shall  include  the  normal  functions  for  T7hlch  the  cranes, 
hoists,  and  lifting  beams  are  designed.  Crane  No,  2  shall  raise,  lower, 
transport  on  the  runway  at  the  specified  speeds,  and  hold  in  any  position  a 
test  load  2^%   in  excess  of  its  rated  capacity.  Crane  No..  1   shall  raise,  low- 
er, and  hold  in  any  position  a  test  load  equal  to  the  rated  capacity  of  the 
main  hoist,  with  the  trolley  in  its  extreme  upstream  position  on  the  canti- 
lever arm  and  the- gantry  centered  over  a  gate  opening.  With  the  trolley  in 
extreme  upstream  position.  Crane  No.  1  shall  transport  on  the  lomway  a  test 
load  of  225  tons.  In  addition.  Crane  No.  1  shall,  with  the  trolley  in  any 
position  between  the  gantry  rails,  transport  on  the  runway  at  the  specified 
speed  a  test  load  equal  to  that  specified  for  Crane  No.  2,  The  fixed  hoists 
shall  raise  and  lower  at  the  specified  speed  and  hold  in  any  position  a  test 
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load  25%  in  excess  of  their  rated  capacity. 

7-12,  MEASUEBWSNT  AND  PAYMENT: 

(a)  The  quantity  to  be  paid  for  in  erecting  and  placing  in  final 
position  spillway  gates,  guide  towers,  guide  rails,  sills,  dogging  equipment, 
curbing,  recess  frames,  and  incidental  items,  shall  be  on  the  basis  of  weight 
determined  as  specified  in  paragraph  9-39 •  Payment  will  be  made  at  the  con- 
tract unit  price  per  pound  for  "Spillway  Gates;  Erection,"  which  payment  shall 
cover  all  necessary  material  and  work  for  erection,  as  indicated  on  the  draw- 
ings or  as  called  for  in  these  specifications.  Placing  of  any  material  or 
equipment  covered  in  this  section  in  temporary  position  for  use  during  river 
diversion  will  be  paid  for  as  specified  under  Section  II,  'Diversion  and  Care 
of  the  Biver." 

(b)  Payment  for  the  erection  of  the  cranes,  hoists,  lifting  beams, 
collector  bars,  and  incidental  items  will  be  made  at  the  contract  Ivimp  sum 
price  for  "Gantry  Cranes  and  Fixed  Hoists j  Erection." 

(c)  Payment  for  furnishing  and  placing  babbitt  will  be  made  at  the 
contract  unit  price  per  pound  for  "Babbitt,"  computed  on  the  bafeis  of  0.270 
pounds  per  cubic  inch. 

(d)  All  cement  for  grout  will  be  furnished  by  the  Government.  The 
grout  shall  be  the  same  cement -sand  ratio  as  the  adjacent  concrete  and  as  ap- 
proved by  the  contracting  officer. 
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SpeoifioatioQS:   Long  Saalt  Dam 

SECTION  VIII  -  STRUCTURAL  STEEL  AND  TRACKS  j 

8-01.   REQUIREMENTS. 

(a)  The  work  ooverod  by  this  section  comprises  the  unloading, 
storing,  erecting,  and  painting  of  the  steel  girders  for  the  spillway  bridge, 
the  service  bridge  under  the  spillway  bridge,  the  inolosure  for  the  crane 
collector  bars,  the  gantry  and  railroad  rails  on  the  spillway  and  bulkhead 
sections  of  the  daai,  the  steel  for  the  elevator  shaft  not  customarily  installed 
by  the  elevator  shaft  not  customarily  installed  by  the  elevator  manufacturer, 

the  nose  armor  for  the  spillway  piers,  and  the  steel  in  the  machinery,  electrical, 
and  repair  bays,  in  the  gate  storage  slots,  including  guide  rails,  and  all 
other  miscellaneous  structural  steel  shown  on  the  drawings  excepting  items  for 
which  payment  is  otherwise  provided.   All  necessary  fitting,  field  riveting, 
welding,  brazing  and  placing  of  all  castings,  bearing  plates,  sole  plates, 
bolsters,  shoes,  anchor  bolts,  turned  bolts  and  other  required  fittings  for 
the  foregoing  items  shall  be  included  ia  the  work.   Placing  of  any  items 
requiring  grouting  in  place  shall  include  the  grouting.   Erection  of  structural 
steel  to  be  embedded  in  concrete  shall  include  removal  of  shop  paint  and 
cleaning  in  accordance  with  paragraph  8-05  (a).   Field  painting  shall  be  In 
accordance  with  Section  Z  of  these  specifications.   Field  riveting,  welding 
and  brazing  shall  be  in  accordance  with  paragraph  14-15  of  these  specifications. 
The  nfork  shall  be  complete  as  herein  specified,  but  this  section  does  not 
cover  concrete  work  except  for  grouting  incidental  to  placing  of  anchor  bolts, 
masonry  plates,  end  bearing  details  and  similar  items. 

(b)  The  material  and  equipment  to  be  erected,  except  as  noted  below, 
including  rivets  and  permanent  connecting  bolts,  will  be  furnished  and  delivered 
at  the  transfer  yard  by  the  Government.   The  contractor  shall  furnish  the 
oonstruction  plant  and  all  field  paint,  welding  rods,  fitting-up  bolts,  tools, 
appliances,  and  any  other  items  incidental  to  handling,  storing,  erecting, 

and  painting. 

(0)  With  the  approval  of  the  contracting  officer,  the  contractor 
will  be  permitted  to  use  the  steel  bridge  girders  temporarily  during  construction 
for  any  purpose  for  which  they  are  suitable.   They  shall  be  properly  maintained, 
shall  not  be  overstressed,  and  shall  be  resotred  to  their  original  condition 
after  their  temporary  use.   In  case  of  irreparable  damage  to  any  girder,  it 
shall  be  replaced  at  the  contractor's  expense. 

8-02.   GENERAL  DESCRIPTION. 

(a)  The  spillway  bridge  will  extend  from  the  south  bulkhead  over 
the  spillway  to  the  north  bulkhead.   Steel  girders  encased  in  concrete  will 
carry  the  gantry  and  railroad  tracks  and  the  highway  over  the  spillway.  It 

is  e/  ;ected  that  each  girder  will  be  furnished  and  shipped  in  one  piece  so  that 
no  field  splicing  will  be  necessary.   The  estimated  weight  of  each  gantry 
girder  complete  is  approximately  52,000  pounds,  and  each  highway  and  rail- 
road girder  is  approximately  36,000  pounds.   The  railroad  and  highway  will 
be  carried  over  the  repair,  machinery,  and  electrical  bays  in  the  north  bulkhead 
section  of  reinforced  concrete  oonstruction.   The  gantry  rails  will  be 
carried  by  the  upstream  and  downstream  walls  on  the  north  bulkhead  section. 

(b)  The  service  bridge  will  be  under  the  upstream  side  of  the 
roadway  and  will  extend  the  full  length  of  the  spillway.   It  will  consist 

of  open  steel  grating  floor  supported  by  rolled  sections  as  shown  on  the  drawings. 

(c)  The  inolosure  for  the  crane  collector  bars  consists  of  steel 
plates  and  angles  anchored  to  the  ooaorete  enoasement  on  the  upstream  side  of 
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the  upstream  orane  girder  over  the  spillway  and  to  the  upstream  faoe  of  the 
dam  on  the  north  bullchead  section. 

(d)  The  gantry  and  railroad  rails  will  rest  on  bearing  plates 
which  will  be  set  in  grout  slots  left  in  the  concrete  and  adjusted  to 
grade  by  means  of  shims  underneath.   The  rails  will  be  held  in  place  by 
anchor  bolts  and  rail  clips  at  the  bearing  plates  and  lateral  adjustment 
will  be  provided  by  clearance  in  the  clips.   After  final  adjustment  of 
the  rails  the  slots  shall  be  filled  with  grout  and  Class  "A"  concrete  as 
shown  on  the  drawings.   All  rails  will  be  curved  to  suit  the  curvature 
of  the  dam  axis  as  shown  on  the  drawings. 

(e)  The  steel  for  the  elevator  hoist  supports  will  be  located 
at  the  top  of  the  pier  house  at  the  north  end  of  the  dam  and  will  consist 
of  rolled  sections  with  bearing  plates  and  fittings  carried  by  the  concrete 
of  the  pier  house. 

(f)  The  steel  in  the  repair,  machinery,  and  electrical  bays 
will  include  supports  for  machinery  and  electrical  equipment,  runways  for 
hoists,  steel  for  hatches  and  hatch  coamings  and  supports  for  gates  while 
they  are  being  repaired. 

(g)  The  steel  in  the  gate  storage  slots  will  comprise  structural 
bases  to  support  the  gates  add  guide  rails  with  bearing  plates  and  anchors 
which  shall  be  set  as  shown  on  the  drawings. 

(h)   The  nose  armor  for  each  pier  will  be  a  structural  steel 
angle  section  held  in  place  by  strap  anchors  embedded  in  the  concrete. 

(i)  Ladders  will  be  required  on  the  spillway  piers,  in  the 
pier  houses,  in  the  pump  sumps,  and  at  other  places  as  shown  on  the  drawings. 
Circular  guards  will  be  required  on  the  ladders  where  indicated. 

8-03.   DRAWINGS.  -  The  general  arrangement  of  the  material  and  equip- 
ment to  be  erected  is  as  shown  on  the  drawings  (See  paragraph  I-04). 
Complete  erection  drawings  will  be  furnished  the  contractor  by  the  contract- 
ing officer. 

8-04.   UNLOADING  AND  HANDLING.   -  All  material  and  equipment  shall  be 
carefully  handled  during  unloading  and  placing  in  final  position  so  that  no 
parts  will  be  bent,  broken  or  otherwise  damaged,  (See  paragraph  I-IO). 
Hammering  or  wedging  that  will  distort  or  injure  the  members  will  not  be 
permitted,  and  members  shall  not  be  overstressed  during  the  process  of 
unloading,  handling  and  erecting.   Steel  beams  and  girders  shall  not  be 
laid  flat.   The  contractor  shall  check:  all  material  turned  over  to  him 
against  shipping  lists  and  report  ajiy  shortage  or  damage  discovered  promptly 
in  writing  to  the  contracting  officer. 

8-05.   EJECTION. 

(a)  All  anchor  bolts,  bearing  plates,  bolsters,  shoes,  bearing 

castings,  and  si/oilar  items  for  supporting  or  holding  in  place  the  structural 

steel  members  shall  be  carefully  set  to  proper  line  and  grade  as  established 

by  the  contracting  officer,  and  maintained  in  this  position.   Bearing  plates 

and  castings  shall  be  leveled  by  means  of  steel  wedges  or  by  shims  or 

adjusting  nuts  if  called  for  on  the  plans.  Grout  for  setting  them  shall  be 

of  an  approved  mix  and  shall  be  so  placed  as  to  secure  a  full  and  uniform 

bearing.   All  structur^-l  steel  surfaces  to  be  embedded  in  concrete  shall  be 

thoroughly  cleaned,  free  of  grease,  rust,  mill  scale,  loose  particles,  dirt 
and  other  foreign  material.   Methods  of  cleaning  shall  be  approved  by  the 
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oontraoting  officer.  Shop  paint  shall  be  removed  hy  sandblasting  or  other 
approved  methods  not  more  than  3   days  prior  to  pouring  the  encasing  concrete. 

(b)   The  spillway  bridge  girders  shall  be  carefully  set  on  the 
end  bearings,  bolted  in  plaoe  and  held  to  true  alignment  during  placing  of 
reinforcement  and  forms  for  the  encasement  and  pouring  of  the  concrete. 
Particular  care  shall  be  given  to  proper  arrangement  of  the  expansion  end 
details.   Loads  on  the  unbraced  girders  during  construction  shall  be  kept 
as  nearly  as  possible  symmetrical  about  the  longitudinal  axis. 

(o)   The  enclosure  for  the  crane  collector  beirs  shall  be  held 
firmly  in  the  forms  to  correct  grade  and  alignment  until  the  concrete 
encasement  has  set. 

(d)  The  rails  for  the  ^ntry  and  railroad  tracks  shall  be  set  on 
the  base  plates  and  anchored  after  the  plates  are  leveled  and  adjusted  to 
proper  grade  and  alignment.   Care  shall  be  taken  that  rails  of  the  proper 
curvature  are  used,  that  the  gage  is  accurately  maintained,  that  the  rails 
are  truly  level  emi   at  the  correct  elevations  and  that  they  are  securely 
anchored  in  place.   All  splice  bars  and  any  other  fittings  shall  be  securely 
attached  and  the  slots  filled  with  grout  and  concrete  of  approved  mix. 
Where  shown  on  the  drawings  the  surface  of  the  concrete  shall  be  recessed 

to  provide  wheel  fleuige  clearance. 

(e)  Steel  members  for  the  el«vator  hoist  support  shall  be  accurately 
set  with  respect  to  the  shaft  and  held  in  this  position  until  any  concreting 

or  grouting  required  is  completed.   Steel  members  in  the  machinery,  repair, 
and  electrical  bays  shall  be  accurately  set  in  proper  position  as  shown  on 
the  plans.  Bases  for  support  of  the  gates  in  the  storage  slots  shall  be  level 
and  shall  support  the  ^te  in  a  plumb  position.   The  guide  rails  shall  be 
accurately  plumbed  so  that  the  rail  heads  at  opposite  ends  of  the  opening 
are  in  the  same  vertical  plane  and  the  proper  distance  between  rail  heads 
is  maintained. 

(f)  The  service  bridge,  ladders,  and  other  structural  steel  parts 
shall  be  erected  as  shown  on  the  drawings.   They  shall  be  accurately  fitted 
and  lined  up  and  securely  anchored  to  the  oonorete. 

8-06.   MBASURBUENT  AND  FAIMENT. 

(a)  The  quantity  to  be  paid  for  In  erection  of  structural  steel 
in  final  position  shall  be  on  the  basis  of  weight  determined  as  specified 
in  paragrajdi  9''39>   Riyment  will  be  made  at  the  contract  unit  price  per 
pound  for  "Steel  Erection:  Structural.*  which  payment  shall  cover  all 
necessary  material  emd  work  for  erecting,  .fabricating,  painting,  and  placing 
as  indicated  on  the  drawings  or  as  called  for  in  these  specifications. 

(b)  The  quantity  to  be  paid  for  in  placing  the  gantry  and  rail- 
road rails  including  all  fittings  and  anchorages  as  shown  on  the  drawings 
shall  be  on  the  basis  of  weight  determined  as  specified  in  paragraph  9-39* 
Payment  will  be  made  at  the  contract  unit  price  per  pound  in  place  for 
"Steel  Rails,  Placing." 

(o)  All  cement  aiui  sand  for  grout  will  be  furnished  by  the 
Government.   The  grout  shall  be  the  same  cement-sand  ratio  as  the  adjacent 
concrete. 
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Specifications:     Long  Sault  Deun 

SECTION  IX 
METALS  AND  MISCELLANEOUS  IvIAlERIALS 


9_0i.      GEIERAL 

(a)  Materials.    -  All  materials   shall  be  of  new  unused  stock»    free   from 
defects.     Substitution  of  sije   of   sections  and  materials  frran  that  shown  on  the 
drawings  or   required  in  "the    specifications   shall  not  be  made  except  on  "written 
approval   of  the   contracting  officer    and  provided  that  the    cost  to   the  Government 
shall  not  be   increased  thereby. 

Materials   indicated  on   the    drawings  or   required  in  the  work  and  not  co- 
vered else-where   in   these    specifications  by   detailed  requirements*   shall   con- 
form to   the   requirements  of   this  section. 

Any  materials   required  v^hich  are  not  covered  by  detailed  specifications 
herein   or  elsewhere   in    the   specif ioations   shall    conform  to    the   applicable  Fe- 
deral SpecificatiL  ons*    grade   and/or  class   as  required  or,   in  case  where   there 
are   no   applicable   Federal   Specifications»    to   applicable   speoiflcatlons  of   tiie 
American  Society  for  Te  sting  Materials   (A.S.T.U.),     in  all  other   oases  not 
specifically  covered  in    these   specifications  the  xiontractor   shall   furnish  the 
highest  grade   commercial  material   or  product, 

(b)  Inspection.  Acceptance    and  Re  ientl  on    nf  vfa-hfir^  a1  a.   -  All  materials 
shall   be    subject  at  all   times   to   inspection  by   the   contracting  officer  who  will 
select  such   samples  in    such  quantities  as  he  may  dsem  necessary  and  subject   the 
same    to    such  tests  as  may  be   necessary  to   determine    their  qualities  as  herein 
specified,   and  he  will    accept  or  reject  materials  in   accordance  with  the   results 
of   such  tests.     Tests  may  be    repeated  upon   arrival  of  the  various   shipments  at 
the    site   of  the  work   to  Insure   tiie   acceptance   of  only  such  materials  as  "will 
comply  with  the   provisions  of   the   plans  and  specifications. 

(c)  Test  Specimens.    -  Special   test  specimens   shall   be   furnished  by  the 
contractor   on  request;   and  shall  be   of  such   shape   and  number  as   designated; 
and  shall   in  general    conform  to  Federal   Specifications  or  the    specifications 

of  the  Americas  ^oclety  for  Testing  Materials  as  to   shapet   size,   and  method 
of  testing. 

(d)  Mill   test  reports.   -  Mill  test  reports  certified  to  by  qualified 
technicians  shall  be   furnished  when  required  for   all  material   entering  Into 
this  work  and  will,    in  general,  be    the   basis  of  acceptance   or  rejection  of  the 
materials.     The    contracting  officer  may,   however,   require   of  the   contractor 
special   chemical   or  physical   test  on  any  part  of  the  material  if  In  his  opin- 
ion the  conditions   justify  such  a  check. 

9-02.     FEDERAL  SFECIFICATIOUS.    -  Copies  of  Federal  Specifications  referred 
to  herein  may  be   procured   from   the   Superintendent  of  Documents,  Government 
Printing  Office,  Washington,   D.   C,   at  a  price   of  five  or  ten  cents  each. 
';Vhen   the   term:    "Fetterol   Specifications"  or   "A.S.T.M.     Specifications*  is  cited, 
the   reference    shall  be    construed  to  mean  the    specifications   as  modified  by  any 
amendments  promulgated  before    the    date   of  opening  bids  for   the    contract.     The 
number   and   designation  of  the  Federal  Specifications  of  A.S.T.U.   Specifications 
for  various  materials     to  be   furnished  under   this  contract  are   as  hereinafter 
enumerated. 

9-03.     CAST  IRON   SAFETY  TREAD.   -  Cast  iron    safety  tread  shall   conform  in 
all  respects  to   Federal   Specification  RR-T-66I,   for  "Treads;   Safety,  Metallic*, 
Type    "B»   and  Class   "6«.     Safety  tread  shall  have    a  minimum  thickness  of  5/16 
inch,   and  shall  be   of   the  lengths  and  widths   shown  on  the   drawings.     Safety 
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tread  shall  have  a  diamond  pattern  and  shall  have  a  nosing  of  not  less  than 
i  Inch.  Treads  shall  be  set  flush  with  the  surface  and  shall  be  firmly  an- 
ohore  d» 

9-04.     STRUCTURAL  STEEL.    -  Unless  otherwise   specified,   all   steel   for  gen- 
eral purposes   shall   conform  to  Federal   Specification  QQ-S-711a  for   "Steel, 
Structural;    (for)  Bridges,*  Class   "A*,   except  that  the   Chemical  properties 
shall   be    so  controlled  as   to  permit  it  to  be  easily  welded  by  the   arc-welding 
process. 

9-05.     CONCRETE  REINFORCING  STEEL.   -  Reinforcing  steel  will    conform  to  Fed- 
eral Specification   QQ-B-71a,   for   "Bars;  Reinforcement,"    (for)  Concrete,   Type 
•B«    (Deformed).     Bars  will   be   Grade  2   (intermediate   Billet  Stsel),   or  Grade  3 
(intermediate  Car  Xx.le   Steel).      The   steel  will   be  properly  identified  as  to 
grade. 

9_06.     SHEET  METAL.    _  Sheet  metal   shall   conform  to  Federal  Speciflca   xon 
QQ-I-696   for   "Iron   and  Steel;   Sheet,   Black  and  Zinc  Coated  (Galvanized)"  of 
the   type   and  class  as  specified  or  required.     When   so   specified,    sheets   shall 
also  conform  to   definite   chemical  requirements. 

9-07,     BOLT  SIEEL,    -  Bolt  steel   shall   conform  to  Federal  Specification 
PF-B-571a  and  Amendment  No.  1   dated  April  1935  for   "Bolts;  Nuts;   Studs;   and 
Tap  Rivets    (and  Material  for   Same),"  Class   "B"   steel,    unless  otherwise    spec- 
ified or  required. 

9_08.     SIEEL  FLOOR   GRATING  ATT  FASTENERS.    _  steel   floor  grating  and  fas- 
teners  shall   conform  in  all   respects  to  Federal    Specification  RR-G-66la  for 
•Gratings,   Steel,   Floor    (Except  for  Naval  Vessels),"   and   diaU    be  made  of  the 
material   and  class  as   specified  or   required. 

9-09.      IRON  CASTINGS. 

(a)  Cast  Iron.  -  Cast  iron,    unless  otherwise    specified,    shall   conform 
to  Federal   Specification  QQ-I-652  for   "Iron,  Gray;     Castings,"  of  class   as  re- 
quired. 

(b)  Cast  Malleable   Iron.   -  Cast  Malleable   Iron  shall   conform  to  Federal 
Specification  QQ-I-666  and  Amendment  1,    dated  November   193^1,    for   "Iron,  Malle- 
able;  Castings,"  Black   (Ungalvanizad)  Type    "A,"  «uid  Zinc  Coated  (Galvanized) 
Tjrpe   •B.* 

9-10.     BRONZE  CASTINGS.    -  Bronze  castings    ^all   conform  to  Federal  Specifi- 
cation QQ-B-691a  for   "Bronze;  Castings,"  Type    I,    "Composition  4»"  unless  other- 
wise   specified  or  required.     Castings   for  valves  and  fittings   shall  be  Type   I, 
"Composition  2   ". 

9-11.     COPPER. 

(a)  Plate    and  Sheets.   -  Copper  plate   and   sheets  shall   conform  to  Federal 
Specification  QQ-C-501   and  Amendment  1   dated  November  1 936   for   "Copper;  Bars, 
Plates,  Rods,   Shapes,   Sheets,    end  Strips** 

(b)  Piping.    -  Copper  piping  shall  conform  in  all  respects   to  Federal 
Specification  W*-T-799  and  Errata  -  2,    dated  April,   1934,   for   "Tubing;  Copper, 
Seamless    (For  Use  with  Soldered  or  Flare d-Fittings),"     Type    "K"  or   "L"  as   spec- 
ified or   required.     Fittings  for   copper  piping  shall   Tie  die   cast  brass  or  copper 
fittings  with  capillary  diannel   and   feed  holes  for    solder   for    sweating  in  place 
and  shall  bear   the   name  of   the  manufacturer    stainped   thereon. 
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9-12.     BRASS. 

(a)  Sheets  and  Rolled  or   Drawn  Shapes*   -  Sheets   and  rolled  or   drawn 
shapes   shall    conform  to  Federal   Specification  QQ-B-6lla  for    "Brass,  Commercial; 
Ears.   Plates,  Rods»    Shapes,   Sheets   and  Strips,*  Composition   "C"   of  type    and  tem- 
mer   as  specified  or  required.     Metal  for  screws   and  "bolts   shall   be   composition 
»D,»  half  hard. 

(b)  Castings.   -  Castings  shall  conform  to  Federal  Specification  QQ-B-621 
and  Errata  1  dated  February  1934  for    "Brass,  Commercial   and  Naval;  Castings," 
Composition   »B"    (Commercial  brass   castings). 

(o)  Pipe.  -  Pipe  shall  conform  to  Federal  Specification  ■WW-P-35I  and 
Errata  1  dated  October  1930  for  "Pipe;  Brass,  Seamless,  Iron-Pi pe-size.  Stan- 
dard  and  Extra-Strong,"  Grade    »A». 

(d)     Pipe   Fittings.   -  Pipe    fittings   shall  conform  to  Federal  Specifi- 
cation W-P-i|48  for    "Pipe-Fittings;    Brass  or  Bronze    (Threaded),   125-pound,"   or 
to  Federal  Specification  tm-P-Zj-Sl   for    "Pipe -Fittings;  Bronze    (Threaded),    250 
pound,"   as   specified  or  required. 

9-13.     SOLDER. 

(a)  Solder    shall   conform  to  Federal   Specification  QQ-S-571   for   "Solder; 
Tin-Lead,"  Grade    "A"   or    "C"  as  specified  or  otherwise   required. 

(b)  Solder    for  Erszin^   sliall  conform   to  Federal  Specification  QQ,-S-55l 
for   "Solder;   Brazing,"   of  composition  as   specified  or  otherwise    directed. 

9-l/|.     BABBITT  METAL.    -  Babbitt  metal    shall    conform   to  Federal   Specification 
QQ^.!-l6l  for    "Metal,  Antifriction;   Castings   and  Ingots,"  Grade3,   unless   other- 
wise   specified  or   required. 

9-15.     RUBBER   FILLER   FOR   CONCRETE  EXPANSION  JOINTS.    -  Compound   shall    be   a 
thermoplastic  rubbery,    resilient,    adhesive   metcial,    suitable    for   being  readily 
poured  into   the    joint  at  a  temperature   of  400W;50   degrees  F.,    and  of  a  quick- 
setting  type.     The    material   shall   remain  homogeneous   after  prolonged  heating  at 
temperatures  not  lower   than  450  degrees  F.  with  no  material  change   in  character 
or  viscosity.     When  poured,    it   shall    solidify  within   1  hour,    shall    adhere    tight- 
ly to   concrete,    steel   and  bituminous   surfaces,    shall  remain  adhesive    and  resi- 
lient  after  prolonged  exposure    to   freezing  temperatures  and  to  ■roaathering,   and 
shall   be   unaffected  by  dilute   or   concentrated  solutions  of  calcium  chloride. 
It  shall  have   a  softening  point   O^ing  and  Ball  A»A.S.H.O.   T-53)   of  not  less  than 
80  degress  C.  nor  more   than   95  degrees  C.     The  material    shall   be   similar    and  e- 
qual   to   "Thermoplastic"  as  obtainable    from  Dispersion  Processes,   Inc.,  Naugatuck, 
Connecticut,  or    "Rai-seal"  as  manufactured  by  Rubber  Associates,   Inc.,   New  York 
City,    or    "Sealz"  as  manufactured  by  Solvents  and  Plastics  Co.,   Louisville,   Ky. 

9-16.     LIME.   -  Lirae    shall   conform  in  all   respects  to  Federal  Specification 
SS-L-351,    for    "Lime;  Hydrated   (for)  Structural  Purposes",    Type    "M"  of  "F"  as 
specified  or  required. 

9-17.  PUTTY.  -  Putty  for  glazing  shall  coaform  in  all  respects  to  Federal 
Specification  TT-P-791a,  "Putty;  Pure-Lin  see  d-Oil,  (pbr)  Y/ood  Sash-Glazing",  or 
TT-P-781    "Putty  and  Elastic  Compound;   for  Metal  Sash-Glazing". 

9-18.     PLASTIC  CORK. 

(a)     General.   -  Plastic   cork   filler  or   insualtion  shall    consist  of  gran- 
ulated cork,    asbestos   fiber,    and  bituminous  binder,    thoroughly  mixed,  and  thinned 
with  high  volatile    naphtha  to    a   suitable   consistency   for    application   to    concrete, 
metal,   v/ood   and  expanded  metal   lath,    and   sha]  1    have    an  adhesive   value    not  less 
than   its    internal    strength   of  cohesion  when   thoroughly   set   and   dry. 
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(Td)     As   taken   from   the    container,   the  material  shall  be  homogeneous  and 
show  no  Separation  of  ingredients  "that  cannot  be  readily  overcome   by  stirring. 
The   cork   content   shall    be  not  less  than  6?  percent  by  volume    and   the  whole   shail 
pass  a  No.  6  mesh   sieve.     The   volatile  materisd    shall     not  exceed  S5  percent  by 
v?eight.     Not  more   than  3^  percent  by  ■weight   shall    be    insoluble   in  carbon  bisul- 
phide,   and   such  insolubles    shall   be  wholly  cork   end   asbestos   fiber.     After   eva- 
poration of  the    solvent,    the    soluble  matter  shall  have   a  softening  point  at  not 
loT7er   than  165  degrees  F.»   and    shall    show  a  penetration  of  from  8  to   20  at  77 
degrees  F»  when   tested  in  accordance  with  A.S.T.M.   Specification  D-5-25  for 
•Penetration  of  Bituminous  Materials". 

9-19.     PREFORMED  JOINT  FILLER.     Preformed  joint  filler   shall  be   coric    con- 
forming to  Federal  Specification  HH-F-3ij.l   for   "Filler,  Expansion-Joint,   Preform- 
ed; Non-Extruding    and  Resilient-Types   (for  Concrete)."     ype   II   self -expanding 
cork,   1    inch   thick. 

9_20.      SPECIAL  BITUMINOUS  CEMENT. 

(a)  Type   R.    -  Type   B    shall  be   an  internal    set-up   cement  of  asphaltic 
base,    composed  of   a  liquid  asphaltic   fluxing  agent  with  an  admixture  of  powdered 
asphalt,    asbestos   fibre   and  other    suitable    inorgaiaic   fillers.     T'hen  mixed   in   "the 
proper  proportions,   the    cement  shall   be    suitable    for  proper   trowel   application, 
and   shall   harden  to   a  consistency  as   specified  in  subparagraph    (3)   below; 

(1)  The   material  shall  be   supplied  in   oo-'tainers  of  proper   relative 
size    to  apportion  batches  with   the    desired  troweling  consistency.     The   liquid 
asphaltic  fliucing   agent   shall   be   a  smooth  uniform  mixture,   not  thickened  or  11- 
vered,   and  showing  no   separation  which   cannot  be   easily  overcome   by    stirring. 
The   powdered   cement   shall    be    a  uniform  mix   containing   no  matted  lumps  of   fibre. 

(2)  T/'/'hen  mixed  in  the   proportions  recommended  by  the  manufacturer, 
the   cement   shall  yield  no   less    than  &S  percent  of  non-volatile  matter  when  10 
grams   are   heated  in   an  oven  at  105  to  110  degrees  Centigrade   for   2h  hours. 

(3)  When  tested  in   accordance   withA.S.T.M.    Specification  D-5-25 
for   "penetration  of  ^ituminous  Materials",   the    above  mixture    shall  have    ttie 
follov;ing  characteristics: 

Immediately  eifter  mixing,   using  a  5/8-inch  diameter 
steel   ball,   lli|  grams,    5  seconds,    the   mixture    shall   permit  a  penetration  greater 
than  300.     The    same    s;  ecimen,    after   a  lapse   of   2k  hours  at  25   degrees  C   under 
water,    shall  permit  a  needle   penetration,    100  grams,   5   seconds,   of  not  more   than 
100.     The    same    specimen  after  a  lapse  of   30  days  at  25  degrees  C.   under  water 
shall   permit  a  needle  penetration,   100  grams,   5  seconds,  of  not  more   than  50. 

(b)  Type "C " .    -  Type    "C"   cement  shall  be  an  internal   set-up  cement  as 
specified   for  Type"  B"  except   that  it   shall    have    a  melting  point  of  between  50   and 
S5  degrees  C,   and  shall  have   a  needle  penetration  at  25  degrees  C,  of  not  lose 
than  80. 

9-21.     STEEL  PIPE  AND   FITTINGS. 

(a)     Welded  or   Seamless  Steel   Pipe,  Black  or  Galvanized,    class  and  coat- 
ing  specified  or   required,    shall  be  of  standard  commercisd   grade   and  sizes  in 
conformity  with  gtederal  Specification  WW-P-ij.03a  for    "Pipe;   Steel   and  Ferrous 
Alloy,  Wrought,  IrogiiPXpe  Size  •,  except  that  test  will  not  be   required.     Open 
ends   shall  be  reamed.     The  pipe    shall  be    straight,   cleaa,   and  free   from  scale, 
rust,    oil  or  other  foreign  matter. 

(b)     Fittings.     Screwed  fittings   shall   be  of   standard  weight,  malleable 
iron,   conforming  to  Federal  Specifioation  ■|nr-P-52la  for   "Pipe -Fittings;  Malle- 
able-Iron   (Threaded)-,  150  Pounds",   black  or  galvanized  as  required,   plain  screw 
typo.     All   fittings   shall   be   of  the    same   wight  or  grade   as  the  pipe  with  irtiioh 
they  are   used. 


9-22.  WFOUGHT  IRON  PIPE  AND  FITTINGS.  -  Wrought  iron  pipe  and  fittings 
shall  conform  to  Federal  Specification  WW-P-441a  for  "Pipe;  Wrought-Iron, 
Welded,  Black  and  Zinc-Coated",  of  the  class  and  sizes  as  indicated  or  re- 
quired. Open  ends  shall  he  reamed.  The  requirements  in  the  specifications 
for  fittings  for  steel  pipe  shall  apply  also  to  fittings  for  wrought  iron  i 
pipe. 

9-23.  CAST  IBON  PIPE  AND  FITTINGS. 

(a)  Pipe.  -  Unless  otherwise  indicated  on  the  drawings  or  directed  by  the 
contracting  officer,  cast  iron  pipe  shall  conform  to  the  specifications  of  the 
American  Standards  Association  for  Pit  Cast  Pipe  for  the  class  required.  The 
pipe  shall  be  furnished  with  the  standard  coal-tar-dip  coating.  Ends  shall  be 
either  plain,  bell  and  spigot,  or  American  Standard  Flanged,  as  required.  Cast 
iron  soil  pipe  shall  confonn  to  Federal  Specification  WW-P-401  for  "Pipe  and  Pipe 
Fittings;  Soil,  Cast  Iron."  Threaded  cast  iron  pipe  shall  conform  to  Federal 
specification  VIIW-P-356  for  "Pipe,  Cast  Iron;  Drainage,  Vent,  and  Waste  (Threaded)." 

(b)  Threaded  Fittings  shall  conform  to  Federal  Specification  WW-P-5oia 
for  "Pipe-Fittings;  Cast-iron  (Threaded)"  of  type  and  class  as  shown  or  required. 

.  (c)  Flanged  Fittings  shall  conforca  to  American  Standards,  class  as  indi- 
cated or  required. 

9-24.  MBEDDED  HANGEP  SUPPORTS. 

(a)  Embedded  Inserts  for  pipe  supports  shall  be  for  threaded  rods  similar 
and  equal  to  the  adjustable  loop  type  manufactured  by  the  Grinnel  Company,  of 

the  sizes  required. 

(b)  Expansion  Shields  and  Sleeves  for  Pipe  Supports  shall  be  for  threaded 
rods  of  the  sizes  shown  on  the  drawings,  and  of  the  type  approved  by  the  con- 
tracting officer. 

9-25.  STANDARD  BOLTS,  SCREWS.  AND  PINS. 

(a)  Bolts.  Nuts  and  Studs  shall  conform  to  Federal  Specification  FF-B- 
571a  and  Amendment  1,  dated  April  1935,  for  "Bolts;  Nuts;  Studs;  and  Tap-Rivets, 
(and  material  for  same)".  Unless  otherwise  specified  or  required,  bolts  shall 
be  of  Type  "B-2"  and  nuts  of  Class  "C"  steel,  type  "A-2",  with  Class  3  medium 
fit.  Zinc  or  cadmium  coated  bolts  shall  be  furnished  v.here  specified,  indicated 
or  required. 

(b)  Machine  and  Set  Screws  shall  conform  to  Federal  Specification  FF-S- 
91  for  "Screws,  Machine;  (including  Screws,  Set)"  Class  3  medium  fit,  unless 
otherwise  specified.  Machine  screirs  shall  be  of  the  type  and  material  required. 
Set  screws  less  than  3/8-iiich  in  diameter  shall  be  Type  "D",  and  those  3/8- 
inch  in  diameter  and  over  shall  be  of  Type  "G"  unless  otherwise  specified  or 
required. 

(c)  Split  Cotter  Pins  shall  conform  to  Federal  Specification  FF-P-386 
for  "Pins;  Cotter,  Split"  of  the  type  as  required. 

9-26.  LOCK  WASHERS.  -  Lock  washers  shall  be  of  the  "Kantlink"  type  and  shall 
conform  to  the  S.A.E.  standard  dimensions  and  requirements,  for  lock  washers  of 
regular  section*  Material  shall  be  either  S.A.E.  X1055  or  S.A.E.  IO60. 

9-27.  STEEL  WIRE  ROPE.  -  Steel  wire  rope  shall  conform  to  Federal  Specifi- 
cations RR-R-571  and  Amendment  i;,  dated  January  19^1*  for  "Rope;  Wire"  of  sizes 
and  types  as  specified  or  otherwise  required, 

9-28.   CHAINS  AND  ATTACHMENTS.  -  Chains  and  attachments  stiall  conform  to 
Federal  Specification  RR-C-271  and  Amendment  2  dated  November  1934»  for  "Chain 
and  Atta  chments;  Standard,  Miscellaneous".  Chains  shall  be  Type  "A",  Grade  "II", 
and  as  otherwise  specified, 
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9-29 •  FLOOB  PLATING.  -Floor  plating  indicated  on  the  drawings  shall  be  of 
carbon  steel  of  the  thickness  specified  or  required,  with  a  raised  pattern  on 
one  side  which  will  provide  a  non-skid  surface  in  any  direction.  The  reverse 
side  of  the  plates  shall  be  smooth.  The  specified  thickness  of  the  plate  shall 
be  exclusive  of  the  raised  pattern,  which  shall  project  not  less  than  5/64-iQch 
and  shall  have  a  top  free  from  sharp  corners.  They  shall  be  closely  spaced  so 
that  the  foot  will  always  be  in  contact  with  several  of  the  raised  portions. 

9  -30  .   BUILDERS  ^AREWAPE . 

(a)  Builders '  Hardware  shall  conform  to  the  following  Federal  Specifi- 
cations unless  otherwise  specified. 

FF-H-I06  and  Amendment  1  dated  November  I934  for  "Hardware, 

Builders*;  Locks  and  Lock-Trim," 
FF-H-ll6a  for  "Hardware,  Builders';  Hinges." 

(b)  Locks  shall  be  of  the  pin-tiimbler  type  with  not  less  than  5  tiuab- 
lers,  and  shall  be  of  weather  and  moisture  proof  construction  (see  paragraph 
II-06  (c))«  Padlocks  shall  conform  to  Federal  Specification  FF-P-lOla  and  Amend- 
ment 3  dated  July  I939  for  "Padlocks,"  Type  la,  size  I-3A  inches.  All  pad- 
locks shall  be  legibly  stamped,  »C«  of  E.,  U.S.A." 

9-31.  HRESSURE  LUBRICANTS.  -  Grease  for  pressure  lubrication,  except  that 
for  spillway  gate  wheel  bearings,  shall  conform  to  Federal  Specification  W- 
G-681  for  "Grease;  Lubricating,  Mineral,"  "Medium"  grade;  pressure  lubricant 
for  spillway  gate  wheel  bearings  shall  be  that  recommended  by  the  bearing  man- 
ufacturer and  ahall  be  effective  at  minus  40  degrees  F. 

9-32.  ASPHALT  -  SATURATED  FELT.  -  Asphalt -saturated  felt  shall  conform  to 
the  requirements  of  Federal  Specification  HH-F-I9I,  "Felt  j  Asphalt -Saturated, 
(for)  Flashings,  Roofing  and  WaterpixxSTing." 

9-33.  PITCH.  -  Pitch  shall  conform  in  all  respects  to  Federal  Specif icatioi 
R-P-381,  for  "Pitch;  Coal -Tar  (for)  Mineral -Surfaced  Built-up  Roofing,  Water- 
Proofing  and  Damp  Proofing,"  Type  "I". 

9-34 •  CONDUIT.  -  Rigid  steel  conduit,  enameled,  shall  conform  to  Federal 
Specification  WW-C-571  dated  June  6,  1933,  ^^^  "Conduit;  Steel,  Rigid,  Enamel- 
ed." 

9-35.   BITUMINOUS  MACADAM  ROAD  SURFACING. 

(a)  Bottom  Course.  -  The  bottom  course  bituminous  macadam  materials  shall 
conform  to  the  specifications  of  the  State  of  New  York,  Division  of  Highways, 
Item  45--  S  -  Bottom  Course  Bituminous  Macadam  -  Penetration  Method. 

(b)  Top  Course.  -  The  top  course  bituminous  m^icadam  materials  shall  con- 
form to  the  specifications  of  the  State  of  New  York,  Division  of  Highways,  Item 
53   -  Top  Course  Bituminous  Macadam  -  Mixing  Method,  Type  3. 

9-36.  GLASS  BRICK  -  Glass  brick  shall  be  similar  or  equal  to  the  "Argus  LX  - 
75"  type  nominal  8"  glass  brick  with  fibre  glass  screen  as  manufactured  by  the 
Pittsburg-Coming  Corporation. 

9-37.  TIMBER  AND  LUMBER. 

(a)  General .  -  All  timber  and  lumber  shall  be  straight,  evensawed,  sound, 
and  entirely  free  frcm  all  defects  which  might  impair  its  durability  or  its 
usefulness  for  the  purpose  intended. 

(b)  Softworxi  shall  conform  to  Federal  Specification  MM-L-75la  and  Amend- 
ment 1,  dated  April  I938,  for  "Lumber  and  Timber;  Softwood,"  yard  lumber, 

grades  as  specified  or  required. 


(c)  Hardwood  shall  confoim  to  Federal  Specification  MM-L-736  and  Amend- 
ment 2,,  dated  June  1939 1  for  "Lvunber  and  Timber;  Hardwood,"  yard  lumber,  grades 
as  specified  or  required. 

(d)  Framing.  -  All  Timber  shall  be  accurately  framed  and  fitted  and  se- 
curely connected  as  shown  on  the  drawings.  Care  shall  be  taken  in  framing  to 
work  out  permissible  defects  wherever  possible. 

9-38.  METALLIC  COATINGS.-  Zinc  coatings  shall  be  applied  in  a  manner  and 
of  a  thickness  and  quality  conforming  to  A.S.TJfl.  Specification,  A-123-33  ^or 
■Zinc  (hot  gal'vajaized)  Coatings  on  Structural  Steel  Shapes,  Plates,  Bars  and 
Their  Products,"  Sheradizing  and  cadmivmi  plating  shall  have  thickness  and 
durability  equal  to  or  greater  than  zinc  coating  applied  as  specified  above. 

9-39.  MEASUREMENT. 

(a)  The  weights  of  structural  steel  members  and  of  castings  will  be  de- 
teimined  from  the  scale  weight  detennined  in  the  dtiop  before  shipment,  or  if 
the  scale  weight  is  not  available,  certified  shipping  weights  shall  be  used. 
The  contracting  officer  may  check  these  weights  by  calculations  and  no  payments 
will  be  made  for  weight  in  excess  of  k   percent  (k%)   of  the  theoretical  calcu- 
lated weight.  No  weight  allowance  for  painting  will  be  made  and  the  cost  of 
painting  shall  be  included  in  the  unit  prices  bit.  For  concrete  reinforcing 
see  paragraph  5-19(c). 

(b)  All  other  materials  for  which  payment  is  not  specifically  provided 
elsewhere  will  be  paid  for  on  the  basis  of  the  respective  unit  measures,  as 
listed  in  the  schedules  at  the  unit  bid  prices. 

(c)  Hardwood  shall  conform  to  Federal  Specification  MM-L-736  and  Amend- 
ment 2,  dated  June  1939*  for  "Lumber  and  Timber;  Hardwood",  yard  lumber,  grades 
as  specified  or  required, 

(d)  Framing.  -  All  timber  shall  be  accurately  framed  and  fitted  and  se- 
curely connected  as  shown  on  the  drawings.  Care  shall  be  taken  in  framing  to 
work  out  pennissible  defects  wherever  possible. 


Specifications:  Long  Saalt  Dam 

SECTION  X  .  PAINTS  AND  PAINTING 

10-01.  GENERAL,  i^e  requirements  set  forth  in  this  section  include 
both  shop  and  field  cleaning  and  painting,  but  only  the  field  cleaning  and 
painting  applies  to  this  contract  on  those  items  furnished  by  the  Govern- 
ment, see  paragraph  1-10.  Unless  otherwise  specified  or  authorized,  all 
paint  materials  shall  conform  to  the  current  Federal  Specifications  wher- 
ever applicable.  Where  Federal  Specifications  are  not  applicable,  materi- 
al shall  be  as  specified,  or  other'^ise  subject  to  the  approval  of  the  con- 
tracting officer.  All  colors  shall  be  as  specified  or  subject  to  the 
approval  of  the  contracting  officer.  All  paint,  when  applied,  shall  pro- 
vide a  satisfactory  film  and  a  smooth  even  surface,  except  when  sand  rein- 
forced, and  undercoats  shall  dry  without  .excessive  gloss,  suitable  for  the 
proper  application  and  adhesion  of  subsequent  coats,  as  approved  by  the 
contracting  officer.  Where  necessary,  in  the  opinion  of  the  contracting 
officer,  to  suit  the  conditions  of  surface,  temperature,  and  weather 
existing  at  the  particular  time  of  application,  the  packaged  paint  may  be 
thinned  by  the  addition  of  not  more  than  one  pint  per  gallon  of  mineral 
spirits  (paragraph  lO-lO(a))  immediately  prior  to  applicatioi:,  provided 
that  in  no  case  shall  the  viscosity  of  the  paint  be  reduced  to  a  point 
where  the  specified  maximum  coverages  will  be  exceeded.  To  distinguish 
several  paint  coats  of  the  same  color  the  contracting  officer  may  require 
the  addition  of  carbon  black  to  give  each  coat  a  different  shade, 

10-02.   SURFACE  CLEANING  AND  PREPARATION. 

(a)  "^hop  Cleaning.  -  All  ferrous  surfaces  to  be  painted  shall 
be  thoroughly  cleaned  of  all  millscele  and  other  foreign  substances  to 
base  metal,  by  sandblasting  or  any  other  method  approved  by  the  contract- 
ing officer. 

(b)  Field  Cleaning.  -  All  painted  ferrous  surfaces  to  be  re- 
painted which  are  not  in  contact  with  headwater  shall  be  cleaned  and 
dirt,  oil,  or  other  foreign  substance  shall  be  removed  by  mineral  spirits 
or  other  approved  cleaning  agents,  immediately  prior  to  the  application 
of  field  coats.  All  blisters  and  breaks  in  the  paint  film  shall  be 
cleaned  to  base  surface  by  wire  brush  or  scraper.  Surfaces  in  contact 
with  headwater  shall  be  cleaned  of  axl  paint,  rust,  dirt,  and  other  foreign 
matter  by  sandblasting. 

(c)  Protection  of  Surfaces.  -  Care  shall  be  taken  to  adequately 
protect  all  machinery  parts,  threads,  and  finished  surfaces  during  clean- 
ing and  preparation. 

(d)  Inhibition.  -  All  surfaces  cleaned  by  sandblasting,  or 
equally  effective  method,  shall  be  treated  with  a  chemical  rust  inhibitor 
(paragraph  10-0?.) .  The  inhibitor  shall  be  applied  as  soon  after  clean- 
ing as  practicable,  and  prior  to  formation  of  any  forms  of  corrosion  from 
atmospheric  moisture,  or  other  causes.  The  inhibitor  shall  be  applied  by 
brush  and  permitted  to  dry.  This  chemical  inhibitor  however,  shall  be 
applied  only  under  conditions  such  that  the  temperature  of  the  surfaces 
to  which  applied  and  the  air  in  contact  therewith,  are  between  ^0   degree 
F.  and  110  degrees  F. ,  in  order  to  insure  proper  chemical  reaction  with 
the  metal.  After  drying,  any  unneutralized  reactive  residue  on  the  sur- 
faces shall  be  removed  by  thorough  wiping  with  wet  cloths.   The  inhibited 
surfaces  shall  then  be  permitted  to  dry  thoroughly  and  shall  be  brushed 
with  a  broom  to  remove  the  dry  dusty  reaction  product,  after  -"hich  a 
standard  priming  coat  of  paint,  as  indicated,  shall  be  applied  as  soon 

as  practicable,  but  in  any  event  prior  to  deterioration  or  destruction 
oi  tne  inhibited  surface.   Should  the  inhibited  surface  be  damsced  or 


destroyed  at  any  point  by  any  means  ^vhatsoever,  the  surfaces  shall  be 
cleaned'  and  retreated  in  approved  manner  prior  to  application  of  the 
paint. 

10-03.  P'^INT  APPLICATION. 

(a)  All  painting  shall  be  done  in  a  neat,  thorough  and  work- 
manlike manner*  'Except  where  otherwise  specified  or  specifically  di- 
rected, all  paint  coats  shall  be  applied  by  either  brush  or  spray  in  such 
manner  as  to  produce  an  even  coating  of  uniform  thickness  completely 
coating  all  corners  and  crevices.  All  painting  shall  be  done  by  thorough- 
ly experienced  workmen.  Care  shall  be  exercised  during  spraying  to  hold 
the  nozzle  sufficiently  close  to  the  surfaces  being  painted  to  avoid  ex- 
cessive evaporation  of  the  volatile  constituents  and  loss  of  material 
into  the  air.  Paint  shall  be  applied  only  to  surfaces  that  are  thoroughly 
dry  and  only  under  such  combination  of  humidity  and  temperatures  of  the 
atmosphere  and  surfaces  to  be  painted  as  will  cause  evaporation  rether 
than  condensation.  A  practical  test  is  to  wipe  a  damp  cloth  on  the  sur- 
face to  be  painted.  If  the  moist  streak  dries  promptly,  conditions  con- 
ducive to  evaporation  prevail.  In  no  case  shall  any  paint  be  applied  to 
surfaces  upon  which  there  is  frost  or  moisture  condensation,  or  during 
rainy  or  misty  weather,  without  sjitable  protection  as  approved  by  the 
contracting  officer.  Painting  during  unfavorable  weather  conditions  shall 
be  carried  on  under  a  protective  covering.  '*hile  any  painting  is  being 
done,  the  temperature  of  the  surfaces  to  be  painted  and  of  the  atmosphere 
in  contact  therewith  shall  be  maintained  at  or  above  50  degrees  F,  All 
paint  nhen   applied  shall  be  approximately  (within  fifteen  degrees  of)  the 
same  temperature  as  that  of  the  surface  on  which  it  is  applied.  "Tiere 
protection  is  provided  for  paint-surfaces,  such  protection  shall  be  pre- 
served in  place  ;intil  the  paint  film  has  properly  dried  and  removal  of 

the  protection  authorized  by  the  contracting  officer.  Items  w^hich  have 
been  painted  shall  not  be  handled,  worked-on  or  otherwise  disturbed 
until  the  paint  coat  is  completely  dry  and  hard.  After  delivery  at  the 
site  of  permanent  erection  or  installation,  all  shop-primed  metal  work 
shall  be  kept  clean  and  free  from  corrosion.  "Kie  surfaces  shall  be  re- 
painted or  retouched  from  time  to  time,  when  in  the  opinion  of  the  in- 
spector it  becomes  necessary,  using  the  same  type  of  paint  as  the  priming 
coat,  ^ere  field-painting  at  the  site  has  been  commenced  on  any  portion 
of  the  work,  the  complete  painting  operation,  including  priming  and 
finishing  coats,  on  that  portion  of  the  work,  shall  be  completed  i^ithin 
30  days  after  the  date  of  such  commencement.  All  coats  on  all  painted 
surfaces  shall  be  unscarred  at  the  time  of  application  of  all  succeeding 
coats,  and  when  in  the  opinion  of  the  contracting  officer  it  becomes 
necessary,  all  coats  shall  be  maintained  by  retouching  or  repainting, 
using  the  proper  paints  for  the  respective  coats.  After  completion 
of  painting,  all  glass,  woodwork,  and  hardware  and  other  surfaces 
not  required  to  be  painted  shall  be  cleaned  to  the  satisfaction  of 
the  contracting  officer. 

(b)  Coverage.  -  The  surface  area  covered  per  gallon  for  each 
type  of  paint  specified  shall  be  not  greater  than  the  following: 

Cn  smooth  metallic  surfaces: 

Ist  Priming  Coat 60O  square  feet 

2nd  Priming  Coat  ~ 425    "  * 

1st  and  2nd  Finish  Coats 550    "  " 
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On  sanded  priming  coat; 

Sanded  Primer  Coat 425  square  feet 

1st  Finish  Coat ~ ^250         "  " 

2nd  Finish  Coat 3OO  "  " 

3rd  Finish  Coat 400  "  " 

10-04.     PRTmTNu  COATb. 

(a)  Un painted  Surfaces.   -  The  surfaces  of  all  ferrous  metal 
work  to  be   embedded   in  the   concrete,   machined  surfaces,    surfaces  requiring 
welding,   and  aurfiaces  which  will  be  in  riveted   contact  shall  not  be  painted 
unless  otherwise   specified. 

(b)  Structural  I^rts  not  subject   to  erosion,  abrasion,   or 
severe  wear  shall  receive  one   shop  and  one   field  priming  coat. 

(c)  Spillway  Gates  which  are   to  be  used  for  diversion  shall  be 
painted  with  two  shop  coats  of  Synthetic  Red  Lead  Primer.     Those  gates 
not   to  be   used  for  diversion  shall  receive  one  shop  coat  of  *=^nthetic  Red 
Lead  primer. 

(d)  Exterior  Exposed  Surfaces  subject  over  extended  periods  of 
time   to  immersion   in  water,   erosion  by  water,    or  to  other  abrasive  action; 
namely,   the  upstream  face  of  all  gates  and  other  areas  in  contact  with 
headwater,    shall  be   treated-  as  follows:     After  thorough  removal  of  the 
protective   shop  coat  of  paint,   dirt,   rust,   and  other  foreign  matter,    the 
surf&ces  shall  be  reinhibited  and  painted  with  one   coat  of  Synthetic  Red 
Lead  Primer.      In  this  coat,   a   heavy  uniform  course  of  perfectly  clean 
sand   (see   paragraph  lO-ll(f))    shall  be  thoroughly  and  uniformly  embedded 
v.'ithin  15  minutes  after  application  of  the   paint,   or  in  any  event  before 
the   paint  has  set  to   such  extent  as   to  prevent  the  proper  embedment  and 
adhesion  of  the   sand  particles.      The   sand  shall  be  applied  by  air  spray 
at  reduced  pressure  or  in  any  other  manner  which  will  insure   thorough 
embedment  of  the  maximum  volume  of  sand  jjarticles  without  appreciable 
movement  of  the  paint  film.     This  coating  shall  be  allov;ed   to  dry  for  a 
minimum  of  48  hours  prior  to  application  of  finish  coats. 

(e)  Machinery  and  Mechanical  Equipment   (except   threads  and 
finished  surfaces)   subject   to  exterior  atmospheric  exposure,    shall  re- 
ceive one   shop-priming  coat  and  a   second  field-priming  coat  after  final 
erection  in  place   in  the   structure.     All  shop-primed  surfaces  which  will 
be   inaccessible  after   fabrication  shall  receive  an  additional  field- 
priming  coat  before  assembling. 

(f )  Interior  Machinery.  Mechanical,  aid  'Electrical  Equipment 
shall  receive  at  laast  one  priming  coat  of  an  approved  synthetic-varnish 
paint  compatible  with  the   synthetic  enamel  approved  for  finish  coats. 

(g)  Machined  ^^urfaces  shall,   immediately  after  final  inspect- 
ion be  thoroughly  cleaned  of  all   foreign  matter  and  coated  v.'ith  Rust 
Preventive  Compound,   U.   S.   Army  Specifications  2-84A. 

(h)      Screv:  Threads  shall  be  protected  by  a   coating  of  heavy  oil. 

10-05.     FJ^J^SH  COaTS. 

(a)   General.  -  Unless  otherwise  specified  oi*  authorized,  the 
sand  reinforced  primed  metal  shall  be  given  three  coats  of  gray  enamel 
finish  paint.  Exposed  primed  surfaces  of  all  other  metal  work  shall 
receive  2  coats  of  gray  enamel  finish  paint.  The  priming  coat  over 
which  it  is  applied  shall  be  thoroughly  dry  and  hardened,  and  at  least 
a  24-bour  interval  .shall  be  allowed  between  two  successive  finish  coats 
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and  not  less  than  5  days  for  hardening  of  the  final  coat  before  being 
submerged  in  water.      In  any  case,  all  finish  painting  shall  be  completed 
within  30  days  after  application  of  the  first  field-priming  coat. 

(b)     Interior  Mechanical  end  Electrical  Equipment  and  parts 
for  installation  within  buildings,   and  not  subject  to  either  water  or 
atmospheric  exposure,    shall,   unless  otherwise  specified  or  authorized, 
receive  two  coats  of  Heat  Resistant  Primer  and  Finish-lJfetal,   except   that 
parts  not  subject  to  temperature  in  excess  of  150°  F,  may  be  given  two 
coats  of  a   high  quality  synthetic  resin  enamel,   sivnilar  and  equal   to 
"Listrlife"  Knamel  as  manufactured  by  the  St.   Louis  Surfacer  end  Baint 
Company,   St.  Louis,  Missouri, 

10-06.      P'^INTS  AND  PAINT  FOBMUIAE. 

(a)  General.   -  Paints  shall  have   the  composition  as  indicated 
below  and  shall  be  of  a   color  matching  the  color  clips  attached  or  as 
otherwise  approved  by  the  contracting  officer.     All  paints,   shall  be 
guaranteed  by  the  manufacturer  not  to  gel',    liver  or  thicken  deleteriously 
or  form  gas  in  a  closed  container  within  a  period  of  one  year  from  date 
of  manufacture. 

(b)  Processing:  of  Paints. 

(1)  Except  where  otherwise  specified  or  authorized,  all 
paint  shall  be  made  by  grinding  together  dry  or  paste  pigments  and  a 
liquid  vehicle  to  form  a  smooth  paint  that  will  flow  freely  and  will  not 
settle  or  react  deleteriously  in  containers. 

(2)  Grinding  shall  produce  a  fineness  such  that  coarse 
particles  and  skins  will  not  exceed  I.5  per  cent  (total  residue  left  on 
No.  325  mesh  screen,  based  on  pigment).  The  grinding  shall  be  done  in  a 
roll  or  pebble  mill  at  temperatures  that  will  not  cause  -polymerization. 

(3)  Skinning  shall  be  negligible  after  exposing  ^  ounces 
of  paint  in  a  tightly  closed  8  ounce  glass  container  to  sunlight  for  a 
total  time  of  24  hours. 

(4)  The  resulting  paint  shall  have  satisfactory  brushing 
and  leveling  properties,  shall  set  to  touch  in  not  less  than  one  hour 
nor  more  than  four  hours,  unless  otherwise  specified,  and  shall  provide 
a  satisfactory  film  and  a  smooth  even  surface  without  undue  gloss,  suit- 
able for  proper  application  and  adhesion  of  subsequent  paint  coats,  as 
approved  by  the  contracting  officer.  Sufficient  suitable  driers  shall 
be  added  to  rasKe  the  paint  dry  hard  -"ithin  18  hours. 

(5)  In  vie™  of  potential  variations  resulting  from 
variable  processing  equipment  end  technique,  the  manufacturer  may  be 
allowed,  where  necessary  to  produce  the  specified  viscosities,  to  make 
slight  changes  in  formula  proportions,  subject  to  specific  approval  of 
the  contracting  officer. 

(c)  Synthetic  Red  Lead  Primer,  to  be  used  under  all  gray 
enamel  finish  coats  shall  be  composed  of  materials  conforming,  inhere 
applicable,  to  the  specified  requirements  and  mixed  in  the  proportions 
as  follows: 

Red  Lead l6.5t  by  weight 

Iron  Oxide 38. 2t 

Zinc  Yellow 5*'^'^ 

Diatomeceous  "^^ilica 6.0^ 

Vehicle  (see  par.  IO-O6)  ^ 28. Ot 

Thinner  _   5»8^ 


10-4 


The  paint   shall  have  a   consistency  of  flow  of  between  25  and  40  seconds 
through  the   O.I5  inch  diameter  orifice   of  a   standard   consistency  cup 
when  tested  in  accordance  with  the  procedure   specified  in  paragraph  9 
and   10  of  A.S.T.M. ,  Specification  D  333-37  for  "Methods  of  Ttesting 
Nitrocellulose  Clear  Lacquers  and  lacquer  Enamels."      It   shall  have 
satisfactory  brushing  and  leveling  properties,    shall   pet  to  light   touch 
in  not   l^s°   than  2  hours  nor  more    than  5  hour-,  end  shell  dry  hard  for 
recoating  in  not  more   than   18  hours,   rhen  tested   in  accordance  with 
paragraph  P-2d  of  Federal  Specification  TT-V  81a,   entitled   "Varnish; 
Mixing  (for)  Aluminum  Paint."     The  vehicle   shall  be  a  ByntiiBtla    resin 
varnish  consisting  of  a  phenol  formaldehyde  resin  with  the   necessary  oils 
and  volatile   thinners   to  produce  elasticity,   water-proof ness,   adherence, 
and  durability   in  the   finished  paint  film.      It   shall  meet   the  detailed 
requirements  of  paragraph  IO-O8, 

(d)  Gray  Finish  Enamel,   -  Unless  otherwise   specified,   all 
finish  paint  for  all  metal   surfaces   shall  have   the  following  composition 
and  properties: 

Coloring  pigments O.5  lbs.   (approx.) 

Lead  Titanate 3.0  lbs. 

Magnesium  silicate  1.0  lbs. 

Acicular  Zinc  Oxide 0.25  lbs. 

Vehicle   (see  paragraph  10-08.)  1,0  gallon 

The  jjaint   shall  have  a   consistency  of  flow  of  between  18  and  1^0  seconds 
through  the   O.I5  inch  diameter  orifice  of  a   standard  A.S.T.M.    consistency 
cup.      Tte  enamel   shall  have  good  self   leveling  properties  end  when 
brushed  or  sprayed  on  a   vertical  surface  at  a   coverage  rate  of  500  square 
feet  per  gallon  shall  dry  hard  and  elastic  without  running,   streaking,   or 
sagging. 

(e)  -Gray  Heat  Resistant  Primer  and  Finish  Paint  for  Metal 
shall  have   the   following  composition; 

Coloring  Pigments 1.0  pound  (approx.) 

Titanium  Dioxide 3*0  pound 

Vehicle 1.0  gallon 

Driers  -  sufficient  approved  driers  to  make   the  paint  dry  hard 
in  10  hours. 

The  vehicle   shall   be  a  glycerol-phthalate  resin  varnish  of  the 
following  composition: 

Glycerol-Phthalate  Resin  Solution 3/4  gallon 

Mineral  Spirits  1/4  gallon 

The  glycerol-phthalate  resin  solution  shall  consist  of  70  per 
cent  by  v^eight  of  glycerol-phthalate   resin  dissolved   in  30  per  cent  by 
weight  of  xylol  and  shall  be   similar  and  equal  to  "Rezyl"  No.    110, 
Solution  No.   "C",   as  manufactured  by  the  American  Cyanamide  &  Chemical 
Corporation,   30  Rockefeller  Plaza,  New' York,  N.  Y. 

10-07.     CHiiMICAL  RJST  INHIBITOR,   to  be  used  where   specified  or  re- 
quired,   shall  be  an  approved  compound  of  water,   a  wetting  a^rent,   a  vis- 
cosity agent,    phosphoric  acid,   and   sodium  dichromete.     The  concentration 
of  the   solution  at   the   time  of  application  shall  be   such  that  the  Ortho- 
phosphoric  acid  (H^POh)   content  shall  be  bet-^een  7.0  and  9*0  per  cent 
(   by  weight)  and  the  Sodium  Hi chroma te  approximately  0.75  P®^  cent. 
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Conmercial  chemical  rust  inhibitors  of  composition  somewhat  different 
from  this  may  be  acceptable   in  lieu  thereof,    subject   to  approval  by  the 
contracting  officer  of  results  of  approved    tests   showing   that   the   in- 
hibitor,  when  applied  in  accordance  with   instructions  of  the  manufacturer, 
will  identically  affect   ferrous  surfaces  as   the   specified  compound   in  the 
following  ways*. 

(a)  Chemically  react  with  rust  and  surface  metal  to  etch  the 
surface,   form  a  dull  grayish  coating  of  iron-chromate-phosphate,  and 
produce  a  rust-inhibited  surface  receptive  to   the  firm  bonding  of  the 
priming  paint. 

(b)  After  initially  being   thoroughly  dried,    the   inhibited   sur- 
face  shall   show  no  deleterious  rusting  when  subjected    to   light  rain  or 

to  other  dampening  agency  for  a  period  of  not  less   than  4  hours. 

(c)  Leave  no  unneutralized  active   chemicals  on  the   surface. 

10-08.     PWENuLlG  Hi^m  VARNISH  Vi^HICiE  ghall  conform  to  the  follow- 
ing  requirements: 

(a)  Oil-resin  ratio  shall  be  33  gallons  of  oil  to   100  pounds 
of  resin. 

(b)  Shall  be  clear  and   transparent  and  entirely  free  from 
resin,  estergum  or  other  non-phenolic  resins.     Not  less  than  5^  psr  cent 
by  weight  of  the  vehicle   shall  consist  of  non-volatile  oil  and  resin. 

(c)  The  resin  content  shall  be  100  per  cent  para  phenyl  phenol- 
formaldehyde  condensate  similar  and  equal   to  ^akelite  T^R  2^l\ ,   and   shell 
conform  to   the   current  U.   S.   Navy  Department  Specification  5^10  entitled 
"Resin  Phenol-Formaldehyde." 

(d)  Tbe  volatile  thinner  shall  contain  not  more  than  8o  per 
cent  mineral  spirits  and  not  less  than  20  jjer  cent  high  flash  coal  tar 
naphtha  or  high  flash  hydrogens  ted  petroleum  naphtha  and  shall  be  free 
from  toxic  hydrocarbons   such  as  benzol. 

(e)  The  oil  content  shall  be  a  ternary  oil  mixture  composed 
of  kO%  linseed,   30^  liquid  oiticica,   and  30t  "dehydrated"    castor  oil. 

(f)  The  flash  point  shall  be  not  below  30°  C.    in  a   closed 
cup  tester. 

(g)  Shall  pass  a  Kauri  Reduction  Test  of  120  per  cent,   using 
the  method  described  in  paragraph  F-2g,   Federal  Specification  TT-VBl, 
for  "Varnish;   Mixing  (for)  Aluminum  Paint," 

(h)     Shall   show  no  skinning  after  48  hours   in  a   3/^   filled, 
tight  container. 

(i)     Flow-out  films  on  tin  plate   panels  dried  72  hours   shall 
withstand  immersion  in  cold  water  for  9^  hours,  and  in  distilled  "I'ater 
at  200°  F.    for  7  hours  without  showing  more   than  a   slie-ht  har.e  '^hich 
shall  disappear  v/ithin  one  hour,   and  shall   show  no  other  signs  of  de- 
terioration,    xhe   panel   shall  be  allowed   to  dry  eni   cool  for  15  minut'^s 
after  removal   from  hot  water  and  shall  then  be   inspected   for  signs  of 
failure. 

10-09.     P-l-G^^^IS. 

(a)     Carbon  Black  shall  conform  to  either  Federal  Specification 
TT-B-feOl,   entitled   "Boneblack;   Dry,   Paste-in- Japan,   Jfeste-in-Oil"   or 
Federal  'rjpecif ication  TT-L-71  entitled  "Lampblack;  Dry,   Paste-in-Japan, 
Paste-in-Oil." 

(b)    lead  Titanate    ''hall  be   similar  and  equal  to  "^itanox  "L" 
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as  manufactured  by  the  Titanium  Pigment  Corporation. 

(c)  Red  iBad  shall  conform  to  Federal  Specification  TT-R-191a 
(97)   per  cent  Grade  for   "Red  Lead;   Dry  and  Paste-in-Cil." 

(d)  Iron  Oxide   shall  contain  not   less   than  98  per*  cent  Fe^Oq 
and  shall  not  contain  any  organic  coloring  matter. 

(e)  Diatomeceoas  Silica    shall  be  an  approved  comTiercial  grade. 

(f)  Zinc  Yellow   shall  contain  not   less   than  40  P<^r  cent  CrO   . 
It   shall  be  a  basic  zinc   potassium  chrome te,    soluble   in  acetic  acid,     ^ 
free  from  lead  compounds,   and   containing  no  added  zinc  oxide,   and  shall 
be   stable   or  non-reactive  with  the  pigments  and  vehicles   specified, 

(g)  Titanium  Dioxide   shall  be   similar  and  equal  to  either   "Ti- 
Pure  0*   as  manufactured  by  Krebs  Pigment  &  Color  Corporation  of  "Titanox 
NO"   as  manufactured  by  the  Titanium  Figment  Corporation. 

10-10.      TKIi^'l^i^S  iu^fD  SOLVENTS. 

(a)  Mineral  Spirits  shall  have   the   following  properties: 

•"-ravity k3-h7  degrees  ^aume 

Flash  Point   (Closed  cup) 100  degrees  F.  ^^.n. 

Initial  "Roiling  Point 3OO-3IO  degrees  F. 

End  Point 405  degrees  F.  Mbx. 

A.S.T.M.   Copper  ''trip  Test Negative 

Solvency  (Kauri-^utanol) 41  cc   (a)   77  degrees 

F.  Min. 

(b)  Dipentine   shall  have   the  following  properties: 

!v1aximum  Minimum 

Specific  Gravity  at  15.5°  C.  O.854  O.845 

Refractive  Index  at  20°  C.  1.477  1.472 

Unpolymerized  Residue   (percent  2.5 

(38M  R^SO^) 
A.S.T.M.    Distillation  Range: 

SZ  Distilling  at 173  degrees  C. 

10^  Distilling  at 175  degrees  C. 

97t  Distilling  at 1S8  degrees  C. 

Color-LDvibond  50O  Amber  3 

Appearance:      Clear  and   free   from  suspended  matter. 

(c)  Toluol  shall   conform  to  U.   S.  Navy  Department  Specification 
52T7  entitled  "Toluene   (Toluol)",   except  that  it  shall  have  e   solvency 
(I&uri-Putanol  Rfethod)   of  not   less   than  100  cc,  at  77°  F. 

(d)  Xylol  shall  conform  to  A.S.T.M.    <^pecif ication  D364-36 
for  "Industrial  Xylene   (Xylol)   or   'Solvent  Naphtha'",    except   that   it 
shall  have  a   solvsncy   (ISuri-'^utenol  Method)   of  not   less   than  93  cc.   at 
77°  F. 

(e)  Normal  T^utyl  Alcohol  (Butanol)    shall  conform  to  A.S.T.M. 
Specification  D304-33  for  "Butanol  (Normal  Butyl  Alcohol)." 

(f)  Ethylene  Glycol  Moncethyl  Fther  shall   conform  to  A.S.T.M. 
Specification  D331-35  for  "Ethylene  Glycol  Ifonoethyl  ^ther." 

10-11.     MISCELLANEOUS  MATERIALS. 

(a)     Oil.   Linseed  JJJ-0-331  for  "Oil;  Linseed,  Boiled,"   or 
J JJ- 0-336.   for  "Oil;   Linseed,  Raw,"   as  specified  or  required. 
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(b)  Insulating  Varnish,  U.    S.   Navy  Department  ^Specification 
52-V-13b,    entitled   "Varnish;   Insulatin,    (for)  Electrical  Purposes." 

(c)  Creosote  FBint  for  surface  treatment  of   timber  shall  con- 
form to  Federal  Specification  TT-'V-56la,   entitled   "TTood-Preservative: 
Creosote    (for)   Brush  and  Spray  Treatment." 

(d)  Ortho-Phosphoric  Acid   (FcPC.  ),    shall  be  e   commercially 
pui-e   product,    in   liquid   form,    containing  not   less   than  75  per  cent  R-ijPOl. 

(e)  ^odiam  Pichromate,    (NapCrpOy.   ^F.^O)    shall  he  a   commercially 
pure   product   in  crystalline   form  containing  not  less   than  85  per  cent 
^Ta^CrgO?. 

(?)     Sand  shall  be  perfectly  clean,  dry,   de-dusted,    silica 
sand  particles,  graded   so   that  not  more   than  5^  will  be  retained  on  a 
No.   30  inesh  sieve  and  not  more   than  5^  will  pass  a  No.   5^  mesh  sieVe,   and 
shall  be  obtained  by  a  wet-vashing  process. 

10-12.   INSPKGTION, 

(a)  Unless  otherwise   specifically  authorized,    inspection  of 
all  materials  for   the   paints  and  chemical  rust  inhibitor  and   the  manu- 
facture  thereof,   will  be  made  by  a   representative   of  the  contracting 
officer.     All   samples  of  materials  and  of   the   finished  processed  products 
will  be   tested  and  analyzed    for  conformity  with   the   spedif ications  by 
the  Government.      The   inspector  will  collect  for  testing,    samples  of  each 
of  the   materials  to  be   used  in   the  manufacturing  processes  and  will   then 
seal   the  material  containers  until   test  results  from  the   samples   indicate 
that   the   various  mat'^rials  conform  to   specifications.     He  will  witness 
the  breaking  of  the   seals  on  the  approved  material  containers  and   the 
compounding  of  the  materials  for  the  product  being  manufactured,  'vill 
collect   samples  of  the   finished  product  for  testing,   and  "-ill  witne?'?'   the 
placing,    sealing,   and   labeling  of  the   finished   product   in  containers  for 
shipment.      After  the  finished   products  have  successfully  passed   the  pre- 
scribed  test,    shipment  of   the   sealed  containers  ivill  be  authorized. 

(b)  In   the   case   of  ready-mixed  and  packaged  paints   of  standard 
manufacture,   other   than  those   specified  by  trade  name,    the   contractor;* 
shall   furnish  a  samplB    in  the   standard  stock  package,    together  with  a 
certified   copy  of  the   complete  chemical  analysis,   for  test  and  approval 
by   the   contracting  officer. 

10-13.     ^^^"^  ^^  MAINTENANCE.    .  ^o   insure   that  paint  used  for 
maintenance  after  completion  of  the  work  shall  match   the  original,    the 
contractor   shall  furnish   to   the  C-overnment  not   less   than  one  gallon  and 
not  more   than  ten  gallons  of  each  color  used.     The  quantity  of  each  color 
furnished   shall  be  determined   by  the  contracting  officer  from  considera- 
tion of  the   severity  of  usage   to  which   the  surface  on  which   it   is  applied 
is  likely  to  be  subjected. 

10-14.     ■P^-'^^  SCHEDULE. 

(a)  Metal  work  shall  be  treated  and  painted  as  outlined  in 
the  following  paint  schedule.   Items  requiring  painting  that  may  not  be 
specified  or  listed  shall  be  painted  as  directed  by  the  contracting  officer. 

(b)  The  different  pipes  and  conduits  in  the  galleries  of  the 
dam,  and  pii^es  in  the  service  bays  will  be  painted  a  different  color  for 
each  class  of  service  as  approved  by  the  contracting  officer. 
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10-15.     P'A^'^^'^^^^  for  all  psint  and  painting  will  be   included   in  the 
contract  price  for  the  respective  metals  or   iteras  painted. 
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Specifications:  Long  Sault  Dem 

SECTION  XI  -  PIER  HOUSES  AND  GUARD  HOUSES 

11-01.   GENERAL. 

(a)  Two  pier  houses,  one  at  each  end  of  the  spillway  bridge, 
shall  be  constructed  to  the  limits  and  details  as  shown  on  the  drawings. 
The  pier  houses  will  include  the  masonry  and  reinforcing  steel  outside  the 
construction  joints  at  the  dam  section  proper;  all  windows,  doors  and  frames, 
stairways  and  railings,  roof  con^jlete,  scuttles,  ventilators,  roof  drains 
and  drainage  lines,  flag  poles  con5)lete,  embedded  metal  parts  for  the  eleva- 
tor, embedded  conduits  for  electric  wiring  and  telephone,  and  all  other  items 
necessary  for  the  coii?)letion  of  the  pier  houses  as  indicated  on  the  drawings 
or  as  otherwise  directed  by  the  contracting  officer. 

(b)  Four  guard  houses,  two  at  eadh  end  of  the  concrete  dam,  shall 
be  constructed  to  the  limits  and  details  as  shown  on  the  drawings.  The  guard 
houses  will  include  the  masonry  and  reinforcing  steel  beyond  the  end  of  the 
dam  proper  and  above  the  creep  keys;  all  windows,  doors  and  freunes,  stairways 
and  railings,  roofs  complete,  roof  drains  and  drainage  lines,  ventilators,  flag 
poles  con?)lete,  embedded  conduits  for  electric  wiring  and  telephone,  emd  all 
other  items  necessary  for  the  completion  of  the  guard  houses  as  indicated  on 
the  drawings  or  as  otherwise  directed  by  the  contracting  officer* 

(c)  Bfcterials  and  workmanship  shall  conform  to  the  requirements 
of  these  specifications, 

11-02.   WALLS. 

(a)  General.  -  The  walls  shall  be  constructed  of  Class  "A*  rein- 
forced concrete  over  keyways  in  and  tied  to  the  concrete  dam  section,  and 
all  necessary  sleeves  or  other  openings,  embedded  conduit,  pipe,  and  anchor 
bolts  shall  be  provided  as  shown  on  the  drawings. 

(b)  Finishing.  -  The  interior  and  exterior  wall  surfaces  of  the 
pier  and  guard  houses  shall  be  finished  in  accordance  with  paragraph  5-11* 

11-03.  ROOFS. 

(a)  General.  -  The  roofs  shall  consist  of  a  Class  "A*  reinforced 
concrete  slab  with  a  wood  float  finish  and  shall  be  sloped  to  drain  as  shown 
on  the  drawings.  The  entire  surface  shall  be  covered  with  2  inches  of  saw- 
dust concrete  conforming  to  the  recjuirements  of  paragraph  5-17  and  a  4"xi|" 
fillet  strip  of  sawdust  concrete  shall  be  constructed  around  the  perimeter  of 
the  roof.  The  surface  of  the  sawdust  concrete  shall  be  smooth,  firm  and  frea 
of  all  loose  material  and  shall  be  dry  before  application  of  roof  finish.. 

(b)  Roof  Finish.  -  Four  layers  of  15-pound  asphalt-saturated  felt, 
32  inches  wide,  each  laid  in  a  heavy  mopped  coat  of  pitch  shall  be  placed  on 
top  of  the  sawdust  concrete,  each  lapping  the  layer  below  by  24-1/2  inches, 
and  extending  to  the  top  edge  of  the  4"x4«  fillet  strip,  see  paragraghs  9-32 
and  9-33.  The  roof  shall  then  be  covered  with  not  less  than  40O  pounds  per 
100  square  feet  of  washed  and  screened  gravel  of  approved  size,  embedded  in 

a  heavy  uniform  coat  of  hot  pitch*  No  work  shall  be  executed  when  the  tem- 
perature is  less  than  50°  F.-  The  completed  roof  shall  be  similar  and  equal 
to  roofs  constructed  in  conformity  with  Barrett  Type  AA  specifications. 

(c)  Flashing.  -  Flashing  shall  consist  of  4  layers  of  15-pound 
asphalt-saturated  felt  laid  in  flashing  pitch  and  a  finish  layer  of  mineral 
surface  roofing  felt,  the  upper  edges  of  all  to  be  embedded  in  a  suitable 
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flashing  groove  and  cemented  in  place  with  pitch  of  suitable  character. 

(d)  Drains .  -  A  sump  type  cast  iron  roof  drain  with  dome  type 
strainer,  similar  and  equal  in  quality  to  Type  413S  of  Josam  Ifenufacturing 
Company  with  gravel  stop  and  clamping  ring,  shall  be  installed  in  each  roof. 
A  3-inch  wrought  iron  pipe  shall  be  installed  and  connected  to  the  roof  drain 
as  shown  on  the  drawings. 

11-04.  FLOORS.   Floors  shall  be  as  specified  in  paragraph  5-15(b),  fin- 
ished to  a  smooth,  hard  and  true  surface, 

11-05.  BALCONY.  The  balcony  on  each  pier  house  shall  be  constructed  as 
shown  on  the  drawings.   A  steel  railing  of  ornamental  design  as  shown  on  the 
drawings  and  as  described  in  paragraph  1^-13  shall  be  provided  and  installed. 

11-06.   DOORS  AITO  FRAI/ES. 

(a)  General.  -  Doors  and  frames  shall  be  of  the  hollow  steel 
type,  with  steel  panels  or  glazed  sash  in  accordance  with  details  and  sizes 
shown  on  the  drawings,  and  shall  be  of  first-class  materials  and  worlananship 
in  every  way.  The  thickness  of  the  metal  for  the  various  doors  and  frames 
shall  be  as  shown  on  the  drawings.  Corners  shall  be  mitered,  welded,  and 
ground  smooth  to  produce  indiscernible  joints,   jjfames  and  doors  shall  be 
reinforced  and  provided  witn  recesses,  cutouts,  arilled  or  tapped  holes,  etc. 
as  rey.uireu  to  auxt  t«e  hardware  applied.  The  parts  of  the  doors  shall  be  so 
constructed  as  to  be  proof  against  water  entering  and  being  retained  inside 
the  tubular  rails  and  stiles.  Doors  shall  have  beveled  edges  on  the  lock 
stiles.  The  frames  shall  be  securely  anchored  to  the  masonry.  Doors  and 
frames  shall  be  set  plumb  and  square  and  the  doors  shall  fit  perfectly.  All 
exterior  door  frames  shall  be  caulked  against  the  masonry  with  an  approved 
caulking  con^jound,  •Vulcatex*  or  equal,  of  color  to  match  concrete, 

(b)  Weather  Stripping  and  Thresholds,  -  All  exterior  doors  shall 
be  rendered  thoroughly  weather-tight  by  the  installation  of  brass  threshold 
and  spring  bronze  weather  stripping,  as  approved  by  the  contracting  officer. 
At  the  bottom  of  the  doors  the  weather-stripping  shall  be  of  a  pattern  made 
to  interlock  with  the  threshold.  The  weather-stripping  shall  be  held  in 
place  with  hard  metal  screws  and  so  designed  and  installed  as  to  offer  no 
reduction  in  the  effective  size  of  the  door  opening, 

(c)  Ifardware.  -  Finish  hardware  shall  be  of  heavy  construction  and 
suitable  for  the  doors  on  which  it  is  to  be  used,  and  shall  conform  to  re- 
quirements of  paragraph  9-30 •  All  hardware  shall  be  fitted  at  the  factory 
in  a  neat  and  workmanlike  manner.  Hinges  shall  be  of  wrought  bronze  with 
ball  bearings.  All  doors  shall  have  cylinder  locks  with  5  pii^  tumblers,  with 
four  keys  for  each  lock,  and  with  four  master  keys,  keyed  to  all  locks.  Dou- 
ble doors  shall  have  top  and  bottom  flush  bolts.  Exterior  doors  shall  be 
provided  with  door  stops  with  hooks,  bumpers,  and  keepers.  Exterior  doors 

at  deck  level  (Elevation  257)  shall  be  provided  with  door  closers  Type  3OOO, 
size  V,  Federal  Specifications  FF-H-121a.  Bach  screen  door  shall  have  brass 
or  bronze  hinges,  latch  with  handle  or  knob  and  a  screen  door  closer  and  check, 

11-07.  WTTTOOlfS.  Windows  in  the  guard  houses  shall  be  steel  sash  of  the 
casement  type  similar  and  equal  to  those  manufactured  by  the  Detroit  Steel 
Products  Company,  and  shall  be  provided  with  suitable  hinges,  catches,  and 
handles  for  their  proper  operation.  They  shall  be  set  into  place  with  ex- 
pansion plugs  or  be  grouted  as  shown  on  the  drawings,  and  caulked  from  the 
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outside  with  an  elastic  caulking  ccanpound  similar  and  equal  to  "Vulcatex" 
of  a  color  to  blend  with  the  concrete, 

11-08,  GLAZING.  All  doors  and  window  sash  shall  be  glazed  with  Type 
Bt  double  strength,  "A"  quality  glass  prior  to  the  application  of  the  fin- 
ish paint  coats.  Glass  shall  be  set  from  the  outside  and  embedded  in  spec- 
ial steel  sash  putty  to  avoid  direct  contact  with  steel.  Glass  in  window 
sash  shall  be  held  in  place  with  spring  steel  wire  glazing  clips,  and  in 
door  sash  by  glazing  angles  neatly  mitered  at  corners  and  secured  to  sash 
with  bronze  bolts  and  nuts.  The  putty  shall  be  cut  flush  on  the  interior 
and  pointed  neatly  on  the  exterior.  After  completion  of  painting,  the  glass 
shall  be  cleaned  of  all  paint,  putty  and  other  marks  in  a  manner  satisfac- 
tory to  the  contracting  officer. 

11-09,  SCREENS, 

(a)  General .  -  Metal  screens  shall  be  installed  at  the  windows 
and  doors  in  the  guard  houses  and  at  the  doors  at  the  level  of  the  deck 
(Elevation  257)  in  the  pier  houses.  The  frames  shall  be  of  steel  tubular 
construction,  thoroughly  welded  and  reinforced  at  all  corners  so  as  to  pre- 
vent water  entering  the  tubes.  Frames  shall  be  of  such  size  as  to  give  suf- 
ficient stiffness  and  rigidity  to  hold  the  wire  cloth  tight.  All  screens 
shall  be  so  constructed  as  to  cover  the  opening  as  a  single  unit,  without  t!he 
use  of  separate  filler  plates  or  other  loose  pieces.  Wire  screen  cloth  shall 
be  of  copper  or  bronze  wire,  with  16  meshes  to  the  inch,  and  shall  be  neatly 
and  securely  attached  to  the  frames  by  metal  splines  which  shall  be  so  con- 
structed as  to  be  easily  removable  for  rewiring, 

(b)  Window  Screen,  -  Window  screen  frames  shall  be  of  not  less 
than  No,  24  U.  S,  Standard  Gage  Steel*  They  shall  be  complete  with  all  nec- 
essary bolts,  clips,  and  catches. 

(c)  Screen  Door,  -  Screen  door  frames  shall  be  of  not  less  than 
No.  18  U.  S,  Standard  Gage  steel,  and  aaall  have  2  tubular  cross  rails  be- 
sides the  top  and  bottom  rails.  One  shall  be  located  approximately  12  in- 
ches from  the  bottom  and  the  other  opposite  the  middle  rail  of  the  steel 
door.  The  space  between  the  2  bottom  cross  rails  shall  be  filled  with  a 
metal  kick  plate  of  not  less  than  No.  18  gage.  The  wire  screen  cloth  below 
the  middle  rail  shall  be  protected  by  an  interlocked  bronze  ribbon  grille. 
Hardware  shall  be  as  specified  in  paragraph  ll-06(c), 

11-10,  GLASS  BEICK,  Glass  brick  conforming  to  the  requirements  of 
paragraph  9*3^  shall  be  installed  as  shown  on  the  drawings  in  accordance 
with  best  standard  practice  and  the  manufacturer's  recommendationa.  The  ma- 
terials to  properly  install  the  glass  brick  shall  be  approved  by  the  con- 
tracting officer  and  shall  include  all  expansion  joint  strips,  oakum  packing, 
felts,  shearlock  bars,  wall  ties,  wall  anchors,  ^caulking,  asphalt  emulsion, 
and  any  other  materials  necessary  for  a  complete  installation, 

11-11.   STRUCTUEAL  STEEL  AND  MISCELLANEOUS  IBON. 

(a)  Safety  Treada.  -  Safety  treads  conforming  to  the  requirements 
of  paragraph  9-O3  shall  be  furnished  and  installed  on  all  stairs  as  indicated 
on  the  drawings, 

(b)  Handrailing,  -  Handrail ing  confonning  to  paragraph  1^-01  shall 
be  furnished  and  installed  as  indicated  on  the  drarings. 

(c)  Miscellaneous,  -  Embedded  piping  and  conduits,  miscellaneous 
anchor  bolts  and  other  miscellaneous  metals* which  are  not  furnished  by  others 
shall  be  furnished  and  installed  as  indicated  on  drawings  and  in  accordance 


with  the  specifications  for  the  various  metals  as  stated  in  Section  IX. 

11-12.  VEWriLATORS,  SCUTTLES  AND  FLAGPOLES. 

(a)  Ventilators.  -  Six  12-inch  roof  ventilators  of  16  ounce  cop- 
per, equipped  with  necessary  operating  chain  and  hardware  similar  and  equal 
to  •Royal  Double  Cone  Ventilator"  as  manufactured  by  the  Royal  Ventilator 
Company,  shall  be  furnished  and  installed,  one  on  the  roof  of  each  pier  house 
and  guard  house,  as  indicated  on  the  drawings. 

(b)  Scuttles.  -  Two  26-inch  by  30-inch  scuttles,  similar  and  equal 
to  ■Bildrite^  All-Steel  Watertight  Roof  Scuttle  as  manufactured  by  William 
R,  BJmister  &  Sons,  Columbus,  Ohio,  shall  be  furnished  and  installed,  one  on 
the  roof  of  each  pier  house,  as  indicated  on  the  drawings.  The  frame  shall 
be  of  Ik   gage  and  the  cover  of  10  gage  copper-bearing  steel,  and  both  frame 
and  cover  shall  be  insulated ► 

(c)  lagpoles.  -  Six  tapered  steel  tubing  flagpoles  similar  and 
equal  to  "Conetapered  'C  Type,  heavy,*  as  manufactured  by  The  Pole  and  Tube 
Works,  Inc.,  Newark,  New  Jersey,  shall  be  furnished  and  installed  complete, 
one  on  each  pier  house  and  guard  house,  as  shown  on  the  drawings.  Bach  flag- 
pole shall  be  fitted  with  a  gold  leaf  covered  copper  ball,  ball-bearing  re- 
volving bronze  truck  and  1/k   inch  flexible  steel  rope  halyards  with  flag 
snaps.  Galvanized  cleats  shall  be  attached  to  the  poles  for  the  pierhouses 
and  bronze  cleats  shall  be  mounted  on  the  concrete  walls  for  the  guard  house 
flagpoles.  Mountings  which  attach  the  flagpoles  to  the  masonry  shall  be 

of  cast  bronze. 

II-I3.  PAINTING.  Painting  shall  be  in  accordance  with  the  requirements 
of  Section  X  except  as  otherwise  specified  herein.  Colors  of  all  finish 
coats  shall  be  subject  to  the  approval  of  the  contracting  officer. 

11-14.  PAYI/ENT. 

(a)  Concrete.  -  Payment  for  concrete  in  the  pier  and  guard  houses 
will  be  made  at  the  -ipplicable  contract  unit  price  per  cubic  yard  for  "Con- 
crete.  Class  A*,  or  'Concrete,  Class  B". 

(b)  Roof  Surfacing.  -  Pajnuent  for  roof  surfacing  as  specified 
in  paragraph  II-03  will  be  made  at  the  contract  unit  price  per  square  for 
•Roof  Surfacing, •  and  shall  include  furnishing  and  installing  the  sawdust 
concrete,  pitch,  felt,  gravel,  and  all  work  necessary  for  the  proper  pla- 
cing thereof.  No  deductions  for  openings  less  than  I5  square  feet  will  be 
made* 

(c)  Roof  Drains.  -  Payment  for  furnishing  and  installing  roof 
drains  will  be  made  at  the  contract  unit  price  each  for  "Roof  Drains". 

(d)  Doors  and  Windows.  -  Payment  for  furnishing  and  installing 
doors  and  frames,  steel  sash,  screen  doors  and  window  screens,  complete 
with  hardware,  weather  stripping,  thresholds  and  glazing,  will  be  nade  at 
the  contract  unit  price  per  pound  for  "Doors  and  Windows;  Steel* , 

(e)  Glass  Erick.  -  Payment  for  furnishing  and  installing  glass 
brick  as  specified  in  paragraph  11—10  will  be  made  at  the  contract  unit 
price  per  square  foot  for  "Glass  Prick",  and  shall  include  all  work  and 
materials  necessary  for  the  complete  installation  of  the  glass  brick. 

(f)  Safety  Treads.  -  payment  for  furnishing  and  installing  safe- 
ty treads  will  be  made  at  the  contract  unit  price  per  pound  for  "Safety 
Treads", 

(g^^     Handrciling,   -  Payment  for  furnishing  and  installing  pipe 
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handrailing  will  be  made  at  the  contract  unit  price  per  linear  foor  for 
•Handrailing;  Steel  Pipe*,  in  conformity  with  paragraph  14-01(b), 

(h)  Structural  Steel  and  Miscellaneous  Iron.  -  Payment  for  fur- 
nishing and  installing  structural  steel  and  miscellaneoua  iron  described 
in  paragraph  ll-ll(c)  will  be  made  at  the  contract  unit  price  for  the  ap- 
plicable type  and  material  as  described  in  Section  XIV. 

(i)  Ventilators*  -  Payment  for  furnishihg  and  installing  roof 
ventilators  "will  be  made  at  the  contract  unit  price  each  for  •Roof  Venti- 
lators •• 

(j)  Scuttles.  -  Payment  for  furnishing  and  installing  scuttles 
will  be  made  at  the  contract  unit  price  each  for  •Scuttles". 

(k)  flagpoles.  -  Payment  for  furnishing  and  installing  flagpoles 
complete  with  fittings  will  be  made  at  the  contract  unit  price  eadh  for 
•Flagpoles •, 
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Specifications:  Long  Sault  Dam 

SECTION  XII  -  GOVERNJffiPvTl"  FIELD  OFFICE 

12-01.   GENERAL,  -  The  contractor  shall  construct  a  temporary  field 
office  for  use  by  the  field  force  of  the  contracting  officer,  complete  and 
ready  for  occupancy  in  accordance  with  the  drawings  and  specifications.  The 
contractor  shall  complete  the  field  office  to  such  extent  as  will  permit 
occupancy  within  JO   calendar  days  after  date  of  receipt  of  notice  to  proceed, 
and  the  entire  building  complete  with  all  fixtures  and  installations  shall 
be  completed  within  6o  calendar  days  after  receipt  of  notice  to  proceed. 
The  building  will  be  located  at  a  site  to  be  selected  by  the  contracting 
officer  after  award  of  the  contract.  It  is  the  intent  of  the  Government  to 
locate  the  building  in  the  proximity  of  the  contractor's  office  and  shops  at 
the  site  of  the  work.  All  materials  specified  shall  conform  in  all  respects 
to  current  Federal  Specifications  whenever  applicable.  All  other  materials 
shall  be  as  specified  or  otherwise  required  by  the  contracting  officer. 

12-02.   FEDERAL  SPECIFICATIONS.  -  Applicable  Federal  Specifications 
for  materials  required  for  the  field  office  are  as  follows; 


Material 
Galvanized  Iron 

Steel  Pipe 

Glass 
Lumber 

Magnesia 
Pipe  -  Soil 
Pipe -Fit tings 

tt       n 

Roofing 

Plumbing 
Putty 

.Venetian  Blinds 
Sheathing  I^per 
Wall  Board 


FEDERAL  SPECIFICATIONS 
Serial  Number 
Q^-l-696 

WW-P-403a 

DD-G-451 

MM-L-751h 
HH-M-61 

im-T-koi 

WW-P.501a 
W7/-P-521a 

SS_R-521 

WW-P-541a 
TT-P-791a 
LLL-B-441 

uu»P>536 

SS_W-51a  & 
Amendment  1  dated 
October  1937 


Title 

Iron  and  Steel;  Sheet ^ 
Black  and  Zinc -Coated 
(Galvanized). 
Pipe;  Steel  and  Ferrous 
Alloy,  wrought,  Iron- 
Pipe  -Size 
Glass ;  Flat  (for) 
Glazing  Purposes 
Lumber  and  Timber;  Soft- 
wood 

Afegnesia ;  Block,  Cement, 
and  Pipe  Covering  (Molded) 
Pipe  and  Pipe-Fittings; 
Soil,  Cast-iron 
Pipe  -  Fittings;  Cast- 
iron  (threaded) 
Pipe-  Fittings;  Bflal- 
leable  -  Iron  (thr?^aded) 
150  pounds 

Roofing  and  Shingles;  Asp- 
halt Prepared,  Mineral- 
Surfaced 

Plumbing  -  Fixtures ; 
(for)  land  use 
Putty;  Pure-Linseed 
Oil,  (for)  Wood-Sash  Glazing 
Blinds;  Venetian,  Wood- 
Slat  (Type  I) 
Paper;  Sheathing,  Water- 
proof 
Wall- -Board;  Gypsum 


ip.i 


12-03.   EACAVATICN,  FILLING  AND  GRADING 

(a)  The  contractor  shall  make  the  necessary  excavation  for  the 
parking  lot  area,  foundation,  footings,  fuel  tank,  septic  tank,  pipings  and 
drains  as  shown  on  the  drawings.  The  contractor  sh^ll  construct  a  parking 
space  adjacent  to  the  field  office  large  enough  to  accommodate  15  automobiles; 
the  area  shall  be  graded,  all  rock  or  other  obstructions  removed,  and  the 
area  covered  with  compacted  bank  run  gravel  to  a  minimxim  depth  of  6  inches. 
The  contractor  shall  provide  suitable  gravel  surfaced  driveways  from  the 
parking  area  to  the  contractor's  access  road;  gravelled  walkways  necessary 
for  access  from  office  to  parking  area .ind  roadways  in  the  vicinity.  All 
walkways  shall  be  covered  with  3  inches  of  rolled  bank  run  gravel  fill,  built 
to  line  and  grade  as  staked  in  the  field, 

(b)  Furnace  Room.  -  The  foundation  area  covered  by  the  furnace 
room  shall  be  stripped  to  a  depth  sufficient  to  remove  all  vegetable  matter, 
then  refilled  and  tamped  with  pervious  material  as  directed  by  the  contract- 
ing officer »  to  a  grade  4  inches  below  the  floor  grade  as  shown  on  the  draw- 
ings. 

12-04.  FOUNDATION.  -  The  foundation  and  footings  shall  be. of  Class  "^" 
concrete,  having  1-1/2  inch  maximum  size  aggregate,  in  accordance  with 
Section  V  of  these  specifications,  constructed  to  line  and  grade  as  shown  on 
the  drawings.  The  foundation  posts  shall  rest  on  the  footings  and  after 
being  set  to  exact  line  and  grade  shall  be  anchored  into  place  by  backfill 
thoroughly  tamped  in  thin  layers  to  the  height  of  finished  grade  as  shown  on 
the  drawings.  The  girders  supported  on  top  of  the  posts  and  foundation  shall 
be  securely  anchored  thereto  by  bolting  as  shown  on  the  drawings.  Bolts  in 
the  foundation  shall  be  placed  during  concreting  operations, 

12-05.  CONCRETE  FLOORS.  -  The  floor  in  the  furnace  room  shall  be  of 
Class  "A"  concrete,  in  accordance  with  Section  7  of  these  specifications, 
4  inches  thick,  trowelled  level,  smooth  and  to  a  straight  edge,  or  as  specifi- 
ed. The  furnace  room  floor  shall  hare  floor  drain  and  trap  located  as  shown 
on  drawings,  set  1  inch  below  floor  grade  and  the  floor  trowelled  smooth  and 
to  a  straight  edge  from  the  drain  to  floor  grade  at  each  side.  Reinforcing 
for  concrete  floors  shall  be  4-inch  by  12  -  inch  welded  wire  fabric  of  No. 
10  and  No.  12  wire  gage. 

12-06.   FRAI'.'IING.  -  Limber  for  framing  shall  be  equal  to  No.  2  com"?on  fir. 
It  shall  be  thoroughly  seasoned,  straight,  even  sawed,  square  cornered,  sound 
and  free  from  defects  which  may  impair  its  strength,  durability  or  its  use- 
fulness, for  the  purpose  intended.  All  lumber  shall  be  of  commercial  sizes, 
surfaced  four  sides  unless  shown  or  specified  otherwise.  The  framework  shall 
be  constructed  o.s  indicated  on  the  drawings  and  shall  be  erected  in  a  sub- 
stantial manner.  Studding  shall  not  be  spaced  over  16  inches  on  centers  for 
exterior  walls  and  not  ever  24  inches  on  centers  for  interior  walls,  doubled 
at  all  openings  larger  than  the  normal  spacings  and  when  cutting  through 
joists,  or  rafters,  headers  shall  be  provided  to  double  the  framing  around  the 
openings.  Double  studs  shall  be  provided  at  all  corners  of  the  building. 
Knee  braces  shall  be  provided  from  the  corner  studs  to  the  fifth  stud,  dia- 
gonally from  bottom  plate  to  top  plates  at  all  corners  of  the  building. 
Ridge  board  shall  be  provided  at  the  ridge  of  the  roof.  All  spiking  of  ass- 
embled members  of  framing  shall  be  clinched  by  not  less  than  1/4-inch. 
Rafters  and  ceiling  joists  shall  be  spaced  at  24-inch  centers  or  as  shown  on 
drawings. 

12-07.   FLOORS.  -  Subflooring  shall  be  nominal  1"  x  6" ,  1"  x  8",  or 
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1"  X  10"  boards,  S^S,  laid  diagonally  with  l/l6-inch  joints  between  boards 
and  nailed  to  each  joist  with  two  lOd  nails  for  boards  6  inches  wide  or  three 
lOd  nails  for  boards  wider  than  6  inches.  Nail  heads  shall  be  driven  below 
the  surface  of  the  boards.  Asphalt  saturated  felt  weighing  15  pounds  per 
100  sq.  ft.  shall  be  laid  on  the  subfloor.  The  finish  floor  shall  be  5/8"  x 
3"  tongue -and -groove  clear  edge  grain,  kiln  dried,  B  grade  fir  or  equal,  and 
shall  be  driven  up  tight,  blind  nailed,  sanded,  and  oiled  as  specified  in 
paragraph  12-19.  All  flooring  shall  be  satisfactorily  protected  from  damp- 
ness and  the  weather  before  being  placed.  Floor  joists  shall  be  spaced  on 
l6-inch  centers. 

12-08,  SIDING.  -  The  outside  faces  of  the  building  shall  be  covered 
with  25/32"  asphalt -covered  fibre  sheathing  similar  and  equal  to  Johns- 
Manville  "Weathertite,"  nailed  securely  to  every  2"  x  4"  stud  with  8d 
flat-headed  wire  nails.  A  layer  of  15-pound  asphalt-saturated  felt  shall 
be  applied  between  the  sheathing  and  the  outside  siding.  The  outside  sid- 
ing is  to  be  asbestos-cement  shingles  similar  and  equal  to  Johns-Manville 
No*  109Uf  laid  according  to  the  manufacturer's  recommendations. 

A  20  gage  corrtigated  galvanized  iron  flashing  shall  be  run  contin- 
uously along  the  sill  of  the  building  and  buried  at  least  12  inches  below 
the  finished  ground  line.  Counter  flashing  of  24  gage  galvanized  sheet  iron 
shall  be  applied  as  shown  on  the  drawings.  All  seams  shall  be  soldered. 
The  galvanizing  shall  be  Class  "D"  -  Ordinary  Coating. 

12-09.  ROOFING.  -  Boof  sheathing  shall  consist  of  1-inch  by  6-inch 
No.  2  fir  or  equal,  matched  and  dressed  on  both  sides  with  no  beading.  The 
roofing  shall  be  double-coated  strip  shingle  similar  or  equal  to  "Flintkote" 
roofing  weighing  not  less  than  210  pounds  per  square.  The  roofing  shfeill  be 
securely  fastened  with  large  headed,  3/4-iiich  galvanized  roofing  nails.  All 
seams,  nail  holes  and  other  breaks  in  the  roofing  shall  be  thoroughly  sealed 
with  an  approved  mastic  roofing  cement.  The  ridge  shall  be  covered  by  a 
strip  of  roofing  not  less  than  12  inches  in  width,  bent  over  the  ridge  and 
secxirely  sealed  and  nailed  on  each  side.  Galvanized  iron  flashing  shall  be 
provided  and  installed  as  shown  on  the  drawings  or  as  directed  by  the  con- 
tracting officer. 

12-10.  WALLS  AND  CEILINGS. 

(a)  General .  -  With  the  exception  of  the  bathroom  and  furnace 
room,  the  inside  of  all  exterior  walls,  both  sides  of  all  interior  walls 
and  all  ceilings  shall  be  covered  with  1/2  -  inch  insulating  board  similar 
and  equal  to  "Celotex"  extending  from  floor  to  ceiling,  securely  fastened 
to  all  bearings.   One-inch  quarter  round  mouldings  shall  be  provided  at  all 
corners.  The  edges  of  the  insulation  board  shall  be  beveled  at  Joints. 

(b)  Furnace  Room.  -  The  insulating  board  for  walls  and  ceilings 
of  furnace  room  shall  be  3/8-inch  gypsum  board,  applied  and  finished  In 
accordance  with  subparagraph  (a),  above. 

(c)  Walls  and  Ceiling;  Bathroom.  -  The  ceiling  shall  be  covered  with 
1/2-inch  insulating  board,  similar  and  equal  to  "Celotex."  The  inside  of  the 
exterior  wall  and  all  interior  walls  shall  have  a  covering  of  pressed  wood 
1/4-inch  thick  similar  to  "Tempered  Preedwood"  manufactured  by  Uasonite 
Corporation,  extending  4*-0"  above  the  floor.  The  exterior  wall  shall  have 
1/2-inch  insulating  board  similar  and  equal  to  "Celotex"  back  of  the  pressed  wood, 

and  all  v.'alls  above  the  pressed  wood  shall  be  covered  with  the  same  type  of  insul- 
ating board.  Furring  strips  shall  be  used  where  required  to  make  the  finish  sur- 
faces of  pressed  wood  and  insulating  board  flush  where  they  join  each  other,  and  the 
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joint  shall  be  covered  with  a  moulding  of  l-inch  by  3- inch  No.  2  fir  or  equal. 
*Rie  edges  of  the  insulation  board  shall  be  beveled  at  Joints.  One-inch  quart- 
er round  shall  be  placed  at  all  vertical  corners  and  in  horizontal  corners 
along  the  ceiling. 

(d)  Shower  Stall.-  The  contractor  shall  furnish  and  install  a 
comnercial  shower  stall,  complete  with  fittings,  as  shown  on  the  drawings, 
similar  and  equal  to  "Marine  No.  15,"  manufactured  by  the  Fiat  Metal  Manu- 
facturing Company,  Chicago,  Illinois. 

(e)  Ceiling  Insulation.  -  Between  all  ceiling  joists  and  extending 
over  wall  plates,  as  shown  on  the  drawliig^,  a  rock  fiber  or  chemically  treated 
wood  pulp  insulating  material  4  inches  nominal  thickness  shall  be  installed. 
Insulation  shall  weigh  not  more  than  10  pounds  per  cubic  foot. 

12-11,   EXTERIOR  TRIM.  -  Exterior  trim  shall  be  equal  to  Nb,  2  fir, 
finishing  stock  3/4-inch  thick  except  2s  otherwise  noted.  Door  and  window 
castings  shall  be  3/4-inch  by  3-1/2  inches  wide.  All  other  exterior  finish 
shall  be  to  size  as  indicated  on  the  drawings.  Insulating  wool  of  a  quality 
Satisfactory  to  the  contracting  officer  shall  be  placed  entirely  around 
all  window  frames  and  around  the  jambs  and  heads  of  all  door  frames  as  shown 
on  drawings. 

12-12.   INTERIOR  WOOD  FINISH.  -  All  interior  wood  finish  shall  be 
equal  to  Nb.  2  fir  finishing 'Stock  throughout,  3/4-inch  or  I3/I6  inch  thick 
and  of  sizes  as  indicated  on  the  drawings.  Water  closet  stalls  shall  be  6 
feet-  4  inches  high  finished  as  shown  on  the  drawings  or  as  directed  by  the 
contracting  officer.  Over  each  lavatory  a  l6-inch  by  24-1/2-inch  mirror  with 
rtiite  enamel  metal  frame  shall  be  installed..  Instrument  cabinets  shall  be 
constructed  as  shown  on  drawing  or  as  directed  by  the  contracting  officer. 

12-13.  WINDOWS  AM)  FRAMES.  -  Windows  shall  be  of  stock  pattern.  No.  2 
fir,  or  equal,  double  hung  sash  as  shown  on  the  drawings,  glazed  with  clear 
glass.  Windows  in  bathroom  shall  be  single  sash,  hinged  at  bottom  to  open 
inward,  glazed  with  clear  glass,  and  fitted  with  cabinet  latches.  All 
frames  shall  be  constructed  so  as  to  receive  screens  or  storm  windows,  and 
as  shown  on  the  drawings.  All  glass  will  be  as  specified  in  paragraph  12-02. 

12-14.  DOORS  AND  FRAMES.  -  Exterior  doors  shall  be  solid  construction, 
aqual  to  No.  2  fir,  1-3/4  inches  thick,  designed  as  shown  on  the  drawings. 
The  upper  part  shall  be  of  glass  equal  to  that  specified  in  paragraph  12-02, 
set  in  place  with  wooden  stops  on  the  inside  and  securely  bradded  and 
puttied  outside.  Interior  doors,  unless  otherwise  specified,  shall  be  1-3/3 
inches  think,  equal  to  No.  2  fir  and  shall  have  five  cross  panels.  Standard 
stock  doors  of  equal  quality  and  size  will  be  acceptable.  Doors  for 
water  closets  shall  be  2'-0"  x  4' -6"  frames  made  up  of  3/4"  X  3-1/2"  framing  and 
covered  with  pressed  wood  1/8-inch  thick  similar  and  equal  to  "Tampered 
Presdwood"  manufactured  by  Masonite  Corporation.  Doors  for  the  instrument 
cabinet  shall  be  l'-8"  x  7' -  8»  as  shown  on  drawings,  made  up  of  1-1/8"  x  3" 
framing  and  covered  with  pressed  wood  1/T-inch  thick.  The  interior  side  of 
the  furnace  room  door  shall  be  covered  with  23  gege  galvanized  iron  as  shown 
on  the  drawings. 

12-15.   SCREENS.  -  All  windows  and  outside  doors  shall  be  equipped  with 
screens.  Window  screen  frame*  shall  be  constructed  of  No.  2  fir,  or  equal, 
1-1/8  inches  thick  with  2-tncli  aide  and  top  rails  and  3-1/2  inch  bottom 
rails,  divided  at  the  center  horizontally  by  a  2-inch  rail.  Screen  door 
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frames  shall  be  of  same  material  and  construction  as  specified  for  windows, 
but  with  two  horizontal  intermediate  rails,  one  at  2-1/2  feet  and  one  at  3»0 
feet  from  bottom.  Stand- rd  stock  screen  doors  of  equul  quality  and  size  will 
be  acceptable.  All  screen  //ire  shall  be  of  l6  mesh  to  the  inch,  galvanized, 
conforming  to  Federal  Specification  RR-C-451"  for  "C^oth ;  Wire  Screen", 
Type  "D",  stretched  and  secured  with  suitable  wood  strips,  well  bradded. 
Suitable  screens  shall  be  placed  over  the  bathroom  windows. 

12-16.  LOUVRES.  -  Wooden  louvres  shall  be  constructed  and  installed 
at  both  ends  of  the  building  as  shown  on  the  drawings.  Remo'ii'able  screens 
and  storm  protection  panels  shall  be  furnished  and  installed  in  louvres, 
as  shown  on  the  drawings, 

12-17.   V2NETIAN  BLINDS.  -  All  double  hung  windows,  except  in  the 
furnace  room,  shall  be  fitted  with  Venetian  blinds  with  rust  proof  hard- 
ware fittings,  automatic  cord  lock  stoppin  device  and  spiral  gear  to 
tilt  slats.  The  wooden  slats  shall  be  finished  in  ivory  or  cream  color 
and  the  tape  shall  harmonize  v/ith  the  finish  color  of  the  wood.  The 
blinds  shall  conform  to  the  requirements  of  Federal  Specification  LLL-B441 
for  "Blinds;  Venetian,  Wood-Slat",  (Type  I). 

12-18.   ILlRDWARE.  -  The  contractor 'shall  furnish  and  install  all 
hardware  specified  below.  All  hardware  shall  be  accurately  ^nd  securely 
installed.  At  com^^letion,  all  keys  sh-  11  be  delivered  properly  labeled, 
to  the  contracting  officer.  All  hardware  shall  be  of  stock  design  with 
Sanded  brass  finish,  and  shall  be  of  the  following  types,  as  specified. 


{a. )  Entrance  Doors. 

2  cylinder  locks  with  5-1/2"  x  3-5/3"  x  3/i|."case. 


Entrance  Doors. 

2  sets  -  1-1/2  prs.  of  3-1/2"  x  3-1/2"  loose  pin,  butt  hinges. 


(b)  Interior  Doors. 

6   sets   -  1-1/2  prs.   of  3-1/2"  x  3-1/2"   loose  pin,  butt  hinges, 
6  Mortise  locks  with  3-5/S"   x  3-7/8"   case. 

All  locks  shall  be  complete  with  tv/o  keys  and  approved  knobs, 
latches  and  escutcheons. 

(c)  Windows . 

100  Iron  easy  spring  window  bolts  and  fasteners. 
2  prs.  1-1/2"  X  1-1/2"  tight  pin,  butt  hings. 

(Bathroom  windows.) 
2  -  Cabinet  latches.  (Bathroom  windows.) 

(d)  Water  Closet  Doors 

2  latches  and  keepers. 

2  prs.   spring  hinges   (for  3A-inch  doors.) 

(e)  Instrument  Cabinets. 

4  ni^ht  locks  complete 

4  prs,  cabinet  hinges  (for  1-1/8- inch  doors.) 

(f )  Miscellaneous. 

54  screen  hangers  complete 
29  -  3-inch  hooks  and  '-iyes. 
2  prs.  screen  door  hinges 
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The  contrector  shall  furnish  and  install  all  other  hardware  and  minor  parts 
that  -^ay  be  necessary  to  complete  the  contract. 

12-19.   PAIM-iro. 

(a)  Exterior.  -  Before  applying  any  paint  the  surface  to  be 
painted  shall  be  thoroughly  dry  and  free  from  dirt,  oil,  grease  and  other 
foreigti  substances.  As  soon  as  complete  the  outside  surfaces,  of  windows, 
doors,  and  screen  frames  shall  be  given  one  priming  coat  of  paint,  conform- 
ing to  jfederal  Specification  TT-P-362  for  "Paints;  Lead-Zinc -Base,  Ready- 
Mixed  and  Semipaste,  White  and  Tinted".  After  the  priming  coat  has  thor- 
oughly dried,  one  finishing  coat  of  white  outside  house  paint,  shall  be 
applied  to  all  wood  surfaces,  except  the  outside  trim.  All  outside  trim 
surfaces  shall  be  painted  with  one  finishing  coat  of  green,  medium  shade, 
outside  paint  as  approved.  All  paint  for  finishing  coats  shall  be  of 
stock  No.  6  B  S-W  ODP  White  Lead  as  manufactured  by  the  Sherwin  Williams 
Company,  or  equal. 

(b)  Interior.  -  All  interior  woodwork,  except  floors,  shall  be 
painted  with  two  coats  of  inside  paint -of  approved  manufacture  and  color. 

All  finished  floors  shall  be  given  one  heavy  coat  of  boiled  linseed  6il, 

12-20.   PLmffiiNG. 

(a)  All  labor  and  materials  required  for  installing  a  com.plete 
pliombing  system  shall  be  provided  as  indicated  on  the  dr:^wings  ^nd  in  acc- 
ordance with  these  specifications  and  in  accordance  with  any  State  or 
local  regulation,  and  the  publication  "Becoiiiiiiended  Minimum  Requirements  fcr 
Plumbing  in  Dwellings  and  Similar  Buildings",  issued  by  the  Bureau  of 
Standards. 

(b)  The  plumbing  fixtures  and  accessories  shall  be  similar  and 
equal  to  those  designated  b'elow,  reference  being  mside,  for  identification 
only,  to  catalog  numbers  as  listed  in  Kohlor  Co.  Catalog  K-39. 

2  Closets,  No.  Brooklands  K-3940-PR  com.plete  with  fittings. 

2  Toilet  paper  holders. 

2  Lavatories  No.  Clare  K-3000-P  with  fittings. 

1  Floor  drain  and  trap. 

1  -  3'-0"  Urinal  -  Jarves  NO.  K-5052-A  complete  with  fittings. 

(c)  The  field  office  shall  be  supplied  with  a  constant  and  un- 
interrupted potable  water  supply  of  not  less  than  35  ^nd  not  more  than  50 
pounds  per  square  inch  pressure,  furnished  by  the  contractor.  The  supply 
line  shall  be  3-inch  pipe  placed  in  a  trench  of  sufficient  depth  and  pro- 
tected to  prevent  freezing  in  subzero  weather.  At  the  point  of  entrancd 
in  bathroom,  a  main  shut-off  end  drain  cock  shall  be  installed.  Pipe  sizes 
and  valves  shall  be  as  shown  on  the  drawings.  An  automatic  electric  hot 
water  heater  of  30-g4llon  capacity  shall  be  furnished  and  installed.  The 
heater  shall  be  similar  and  equal  to  Westinghouse  Electric  Manufacturing 
Company's  Square  Type  Electric  water  heater,  installed  to  manufacturer's 
specifications. 

(d)  The  contractor  shall  lay  a  4-inch  vitrified  pipe  sewer  line 
from,  the  end  of  the  cost  iron  soil  pipe,  outside  the  building  to  the  sewage 
disposal  tank  loc:2ted  not  less  than  50  feet  from  the  building.  Vitrified 
pipe  shall  conform,  to  the  renuire^ients  of  Federal  Specification  SS-P-36I 
For  "Pipe;  Clay,  Sewer".  The  sewer  shall  be  laid  with  1/4 -inch  to  1-foot 
pitch,  true  to  line  and  grade,  and  made  up  with  tight  joints.  The  sewage 
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disposal  tank  shall  be  similar  and  equal  to  Kaustine  Standard  Series  Hori- 
zontal Septic  Tank  No.  QS*  ^^^   pj^ovided  with  proper  connections  for  outlet 
and  inlet  pipes.  The  outlet  shall  connect  to  a  grid  system  not  to  exceed 
730  fft^t  of  4-inch  field  tile  pipe  including  connections.  The  joints  of  the 
field  tile  pipes  shall  be  laid  open,  1/4-inch,  and  top  half  of  each  joint 
shall  be  covered  with  sheathing  paper.  If  the  field  office  is  conveniently 
located,  the  sewer  line  from  the  Gtovern'^ent  Field  Office  may  be  connected  to 
the  S2wer  disposal  system  of  the  contractor's  office,  provided  the  system  is 
designed  to  carry  the  extra  sewage,  subject  to  approval  by  thi  contracting 
officer, 

12-21.   ELECTRICAL  WIRING.  -  The  contractor  shall  secure  all  permits 
an4  give  such  notices  as  required  by  State  and  local  authorities.  The  in- 
stallation shall  be  in  strict  accordance  with  the  National  Electrical  Code, 
The  system  shall  be  3-wire,  220^110  volt,  singlephase,  solid  neutral,  rigid 
metal  conduit  to  fuse  cabinet  as  indicated  on  drawing.  All  wiring  shall 
be  rubber -insula ted ,  non-retallic  sheathed  cable,  similar  and  equal  to  "Wire- 
flex"  as  manufactured  by  The  Wiremold  Co.  The  building  shall  be  wired  as 
indicated  on  the  drawings.  Three  main  feeders  of  not  less  than  No.  8  ATO 
wire  shall  be  installed  in  1-inch  conduit.  The  ground  wire  shall  be  not 
less  than  NO.  3  A'.TG,  The  entrance  switch  shall  be  outside  type,  3-'"irs» 
solid  neutral,  2-pole,  ^^'^^^V*     Fuse  cabinet  shall  b--  flush  type,  steel 
with  door  ;nd  built  for  6  circuits,  with  solid  neutral,  notor  switch.  The 
motor  switch  shall  be  of  the  automatic  thermal  protection,  reset-type.  Each 
circuit  shall  be  fused  with  15-amp,  fuses.  Duplex  plug  receptacles  or  con- 
venience outlets  shall  be  15 -amp, ,  125-volt,  with  stamped  brass  plates*  At 
completion,  all  circuits  shall  be  T^lainly  markdd  for  identification.  The 
contractor  shall  furnish  and  erect  in  first  class  manner,  all  fixtures 
complete  with  shades  and  lamps  of  the  wattage  indicated,  fuses  and  all  other 
necessary  accessories.  The  fixtures  shall  be  similar  and  e^ual  to  those 
designated  below.  Reference  is  made,  for  identification  only,  to  catalog 
numbers  as  listed  in.  Benjamin  Electric  ^!fg,  Co.,  catalog  entitled  "Benjamin 
Sockets  for  Reflector  Fixtures". 

SCHEDULE 


Location  No» 
Inspector's  Office 


No.  Type 

2      5642  -  HJL  R.L.M.  Dome  with  canopy 
and  fixture  stud. 


Clerk's  Office 


5642  -  FJL  R.L.M.  Dome  with  canopy 
and  fixture  stud. 


Furnace  Room 


5423  Shallow  Dome  with  canopy 
and  fixture  stud. 


Ba  throom 


5423  Shallow  Dome  with  canopy 
and  fixture  stud. 


Bedroom 


56/^2  -  PUL  R.L.M.  Dome  v/ith 
canopy  and  fixture  stud. 


Field  Engineers  Office 


5642  -  PUL  R.L.^.  Dome  with  canopy 
and  fixt'Te  stud. 


Drafting  Room 


3 
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5^42   -  PUL  R.L.M.   Dorre  v/ith  canopy 
and  fixttire  stud. 


Location  No.  No.  Type 

Platform  2  6821  Watertight  angle  with 

round  box. 

The  contractor  shall  do  all  cutting  and  placing  of  supports  necessary  in 
this  work. 

12-22.   HEATING. 

(a)  General.-  The  contractor  shall  furnish  and  install  an  oil 
burning  automatic  controlled  furnace  similar  and  equal  to  Mueller's  No.  55 
B.  G.  Fuel  Oil  Furnace.  The  installation  and  workmanship  shall  be  in  strict 
accordance  with  the  specifications  of  the  manufacturer,  rules  and  regulations 
of  the  National  Board  of  Fire  Underwriters  and  local  requirements. 

(b)  Grills,  Registers  and  Ducts.  -  A.11  grills  and  registers  shall 
be  furnished  and  installed  by  the  contractor  as  shown  on  the  drawings  or  as 
directed  by  the  contracting  officer.  Warm  air  grills  shall  be  provided  with 
independently  adjustable,  manually  controlled  vertical  fins  for  deflection 
of  air.  Cold  air  return  register  shall  be  plain  lattice  type,  suitable  for 
floor  or  wall  installation  and  of  the  size  indicated  on  the  drawings.  The 
hot  and  cold  air  duct,  register  and  grill  system  shall  be  constructed  in  ac- 
cordance with  man'.i.facturer's  specifications,  and  installed  as  shown  on 

the  drawings  or  a@  directed  V.y  the  contracting  officer. 

(c)  Smoke  Pipe  and  Vent.  -  The  smoke  pipe  and  vent  shall  be  as 
specified  by  the  manufacturer  for  furnace  used.  The  smoke  pipe  from  furnace 
to  2-inches  above  roof,  shall  be  covered  with  asbestos  air  cell  pipe  cover- 
ing, 1-inch  thick,  properly  secured  to  the  pipe. 

(d)  Fuel  Tank.  -  A  fuel  supply  tank  of  500  gallons  capacity 
shall  be  furnished  and  installed  by  the  contractor.  The  tank  shall  be 
tindet  ground  and  covered  with  not  less  than  2  feet  of  well  tamped  backfill. 
Fuel  tank  and  all  piping  shall  meet  all  requirements  of  the  National 
Board  of  Fire  Underwriters, 

12-23.   FIRE  HIOTECTION.  -  The  contractor  shall  furnish  and  install 
one  frost  proof  fire  hydrant  with  suitable  connections  for  two  1-1/2  inch 
fire  hoses.  The  fire  hydrant  shall  be  installed  not  more  than  25  feet  from 
the  building  and  shall  be  supplied  with  water  at  a  pressure  not  less  than 
35  pounds, 

12-24.   FLAGPOLE.  -  The  contractor  shall  furnish  and  erect  one  flag- 
pole complete  with  pulley  and  rope,  as  shown  on  drar/ings.  The  flagpole 
shall  be  'icnatructed  of  one  12-foot  length  of  2-1/2  inch  and  one  12-foot 
length  of  2-inch  galvanized  steel  pipe,  with  an  over It p  of  1  foot  at  joint, 
securely  welded.  The  flagpole  shall  be  securely  fastened  to  a  concrete 
base  as  shown  on  drawings  and  shall  be  so  attached  that  bottom  bolt  can  be 
removed  and  pole  revolved  about  upper  bolt  to  a  horizontal  position  or  as 
directed  by  the  contracting  officer. 

12-25,   REMOVAL  OF  fiUlLDING.  -  Upon,  coc^ietion  and  acceptance,  the 
field  office  will  become  the  property  of  the  United  States  and  will  be 
removed  by  the  Government,  No  materials  or  equipment  shall  be  salvaged  by 
the  contractor, 

12-26,   PAYllENr.  _  Payment  for  the  field  office  complete,  including 
the  f\imishing  of  all  labor,  plant  and  materials  necessary  to  complete  the 
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building  in  accordance  with  these  specifications  and  as  shown  on  the  drawings, 
and  including  parking  area,  driveways,  walks,  and  grading  around  the  buildingt 
will  be  made  at  the  contract  lump  stun  price  for  "Field  Office"  upon  acceptance 
of  the  building  by  the  contracting  officer.  The  contracting  officer  retains 
the  right  to  ordor  the  contractor  to  make  an  extension  as  indicated  on  the 
drawings,  with  similar  construction  and  equipment  as  the  original  building* 
Riyment  for  the  extension,  if  any,  will  be  made  at  the  lump  sum  price  for 
■Field  Office  Extension", 
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Specifications:  Long  Sault  Dam 

Section  XIII  -  ACCESS  RAILROAD  AND  HIGHWAY 
13-01.  GENERAL. 

(a)  Access  Railroad  and  Highv/ays.  -  The  contractor  shall  construct 
a  single  tract  access  railroad,  and  highway  (as  shown  on  the  drawings),  the 
railroad  starting  from  a  point  on  a  track  provided  by  others,  and  the  high- 
way starting  from  a  point  on  State  HighTvay  No.  37  across  a  bridge  provided 

by  others  orer  Grass  River,  both  continuing  across  a  plug  left  in  the  Long 
Sault  Canal  to  Long  Sault  Dam,  and  across  the  top  of  Long  Sault  Dam  to  a 
point  approximately  one  mile  beyond  the  concrete  portion  of  the  dam  towards 
the  powerhouse,  all  as  indicated  on  the  drawings. 

(b)  Temporary  Accesi  To  Barnhart  Island.  -  During  the  first  stage 
construction  for  the  south  section  of  the  dam, see  paragraph  2-o6,  the  con- 
tractor shall  provide  a  single  track  railroad  for  access  to  ^rnhart  Island 
by  means  of  a  timber  trestle  to  be  constructed  by  him  along  the  downstream 
ends  of  the  spillway  piers.  The  deck  of  the  trestle  shall  be  floored  over 
to  provide  a  single  lane  roadway  for  trucks.  Immediately  upon  completion  of 
cofferdam  "DD*  for  the  second  stage  work,  he  shall  continue  this  single  track 
line  and  truck  road  across  the  top  of  cofferdam  "DD"  and  connect  with  the 
railroad  line  and  highway  to  the  powerhouse.  A  suitable  walkway  with  hand- 
rail shall  be  built  alongside  the  tract  over  the  river.  The  contractor  shall 
provide  a  minimum  vertical  clearance  to  Elevation  194  o^  his  trestle  between 
the  spillway  piers  to  provide  a  clear  opening  for  the  flow  of  the  river 
after  removal  of  the  first  stage  cofferdams.  For  construction  of  this 
temporary  access  line  the  Governnoent  will  furnish  the  necessary  timber,  ties, 
rails,  bolts,  spikes,  tie  plates,  turnouts,  and  other  appurtenances.  The 
contractor  shall  furnish  all  the  necessary  equipment  and  labor  and  shall 
complete  this  temporary  access  line  at  the  earliest  practicable  date,  making 
the  necessary  connections  to  the  permanent  railroad  and  doing  all  work  nece- 
ssary to  provide  a  safe  and  serviceable  line.  After  the  permanent  line 
across  the  dam  is  completed  and  connections  have  been  made,  the  contractor 
shall  completely  remove  the  temporary  line  and  trestle.  All  the  material 
removed,  including  rails  and  accessories,  shall  become  the  property  of  the 
contractor,  and  shall  be  disposed  of  or  removed  from  the  site  to  the  satis- 
faction of  the  contracting  officer. 

(c)  Removal  of  Line  Across  Plug  in  Canal.  -  Other  contractors  will 
complete  the  construction  of  Robinson  Bay  Lock,  bridge,  and  the  permanent 
railroad  from  the  Long  Sault  Dam  contractor's  line  south  of  the  canal,  across 
t.he  lock  and  over  Dike  No.  4  to  connect  again  with  the  Long  Sault  Dam  con- 
tractor's line.  The  Government  will  furnish  the  turnout,  switch  stand  and 
appurtenances  for  this  connection  and  the  Long  Sault  Dam  contractor  shall 
furnish  all  the  equipment  and  labor  to  install  the  two  connections  with  the 
permanent,  line  mentioned  pbove.  After  the  permanent  connection  has  been  made, 
the  Long  Sault  Dam  contractor  shall  remove  all  that  portion  of  the  railroad 
lying  between  the  two  turnouts  and  passing  over  the  plug  left  in  the  Long 
Sault  Canal,  and  which  is  no  longer  required  for  construction  purposes.  All 
the  material  removed,  including  rails  and  accessories,  shall  become  the  prop- 
erty of  the  contractor,  and  shall  be  disposed  of  or  removed  from  the  .-^ite  to 
the  satisfaction  of  the  contracting  officer. 

(d)  payment  and  Use  of  Facilities.  -  The  railroad  and  highway  to 
be  constructed  by  the  Long  Sault  Dam  contractor  will  be  paid  for  on  a  unit 
price  basis  for  all  items  entering  into  the  work  as  indicated  in  the  Schedule 
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of  Bid  Items  with  the  exceptions  as  follows;   no  payment  will  be  made  for  the 
construction  of  the  temporary  access  railroad   to  Barnhart  Island   specified  in 
subpa*«graph   (b)  above  or  its  removal,   or  for   the   removal  of  the   section  of 
railroad  across   the  canal  plug  specified  in  subparagraph   (c),  and  costs  for 
this  work  shall  be  included  in  other  applicable  pay  items;   other  contractors 
shall  have   the  privilege  of  using  any  portion  of  the  railroads  and  highways 
which  have   been  completed  as  a   part  of  this  contract,  and  the   temporary  line 
for  access  to  Barbhart  Island  and  the  powerhouse   shall  be  kept   open  for  use 
by  the  powerhouse   contractors  or  others. 

(e )     Rfeinte nance  of  Railroads  and  Highways*   -  The  contractor  shall 
maintain  in  serviceable  condition,   during  the   life  of  the  contract,   all  rail- 
roads and  highways  built   by  him.      In  addition  he   shall  maintain  during  the 
period  it  is  used  by  him  the   railroad  and  highway  referred  to  in  subparagraph 
(c)  which  connects  with  his   railroad  and  highway  south  of  the   canal  and  re- 
joins it  after  passing  over  Robinson  Bey  Lock  at  a  point  north  of  the   canal 
as  shown  on  the  drawings.     Maintenance  of  the   track  shall  meet   the  standard 
requirements  of  the  Ijassena  Terminal  Railroad  and  any  other  railroad  which 
may  operate  trains  over  it.     Maintenance  of  the   highways  shall  conform  to  the 
standard  practice  of  the  State   of  Nfew  York  Highway  Department   for  primary 
highways.     The  wearing  surface  and  shoulders   shall  be  kept  free  of  holes, 
ruts,   cracks,   boils,  ravelled  edges  and  obstructions.     The  wearing  surface 
and  shoulders   shall  be  kept  clear  of  snow  and  debris.     TJhen  slippery  con- 
ditions exist,   due  to  ice  or-  snow,    the  grades,    curves,   intersections  and  other 
dangerous  places  shall  be  kept   sanded.     Culverts,   catch  basins  and  drains 
shall  be  kept  open.     No  separate  payment  will  be  made  for  any  of  the  foregr^ing 
maintenance,   the   cost  of  which  shall  be  included  in  other  applicable  pay  items. 

13-02.   FORMATION  OF  ROADBEDS. 

(a)  Alignment*  -  The  center  of  the  roadbed  for  the  permanent  rail- 
road and  highway  specified  in  paragraph  I3-OI,  shall  conform  in  alignment 

to  that  shown  on  the  drawings. 

(b)  Grade  Line.  -  The  grade  line  on  the  alignment  drawings  for  the 
railroad  denotes  sub-grade,  and  this  term  indicates  the  tops  of  embankments, 
cuts  or  fills  ready  to  receive  ballast.  The  grade  line  for  the  highway  in- 
dicates the  top  of  the  finished  roadway  surface. 

(c)  Width  of  Roadbed*  -  'Yhen  properly  compacted  and  finished,  the 
roadbeds  shall  conform  to  the  dimensions  shown  on  the  drawings. 

13-03.   CLEARING  AND  GRUBBING. 

(a)  General*  -  The  contractor  shall  clear  the  work  area  to  be 
occupied  by  railroad  and  highway,  as  shown  on  sheet  No.  2  of  the  drawings, 

of  all  buildings,  fences,  trees,  logs,  brush,  crops,  grasses  and  other  perish- 
able materials  as  directed  by  the  contracting  officer  or  as  hereinafter  specified. 
Nb  payment  for  clearing,  including  specified  grubbing,  removal  end  storing  of 
fences  and  crops,  and  the  disposal  of  cleared  material  will  be  made,  but  shell 
be  included  in  the  contract  unit  prices  for  the  various  items  of  grading* 

(b)  Cutting  .'^nd  disposal  of  Brush.  -  All  trees,  weeds,  and  grass  over 
12  inches  in  height  shall  be  cut  off  flush  with  the  ground  and  shall  be  disposed 
of  by  burning  or  as  directed  by  the  contracting  officer. 

(c)  Stumps*  -  Where  clearing  is  done,  stumps,  except  where  they  are  to 
be  grubbed  out,  shF.ll  be  cut  off  even  with  the  ground. 

(d)  Grubbing.  -  Stumps  and  roots  more  than  3  inches  in  diameter  shall 
be  grubbed  out  where  they  are  encountered  within  the  sections  of  ditches  and 
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foundation  excavations  and  from  areas  to  be  occupied  by  embankments.  In 
foundation  and  embankment  areas,  they  shall  be  removed  to  a  depth  of  at 
least  two  feet  below  the  original  surface.  Stumps  and  roots  so  removed 
shall  disposed  of  by  burning  or  as  directed  by  the  contracting  officer. 
Depositing  stumps,  roots  or  other  perishable  materials  in  embankments  will 
not  be  permitted. 

(e)  Salvage.  -  All  buildings,  fences,  and  annual  crops  shall 
become  the  property  of  the  contractor  and  shall  be  disposed  of  by  him. 

13-04.   EXCAVATION  AND  EMBANKMENT. 

(a)  Definition.  -  The  term  excavation  and  embankment  as  -used 
in  this  section  of  the  specifications  includes  all  the  excavation  and 
embankment  required  for  the  construction  of  the  railroad  and  highway  in- 
cluding excavation  for  the  construction  of  roadbeds,  ditches,  road  changes, 
grade  crossing  approaches,  perking  grounds,  signal  bases  and  all  other 
excavation  and  embankment  required  by  the  drawings  and  specifications  or 
ordered  by  the  contracting  officer. 

(b)  Classification.  -  All  excavation  and  fill  specified  above, 
which  is  not  otherwise  specifically  designated  herein,  will  be  classified 
as  "Excavation;  R.  R.  and  Highway"  and  "Fill,  R.  R.  and  Highwaj^  res- 
pectively. The  cost  of  excavating  rock  and  gravel  from  borrow  pits  out- 
side of  roadway  excavations  and  used  for  roadbed  surfacing  and  ballast 
will  be  included  in  the  contract  unit  prices  for  those  items. 

(c)  Slopes  for  Grading. 

(1)  Srading  shall  be  to  the  slopes  shown  on  the  drawings. 
Slopes  will,  in  general,  for  embankments  and  excavations,  be  one  and  three- 
quarters  horizontal  to  one  vertical  (1-3/4 si)  unless  otherwise  directed 

by  the  contracting  officer. 

(2)  Should  unforeseen  conditions  arise  or  materials  of 
unexpected  nature  be  encountered  at  any  time  after  the  excavation  has 
been  started,  the  contracting  officer  may  require  the  steepening  or 
flattening  or  benching  of  such  slopes. 

13-05.  EXCAVATION  BELOW  GRADE.  -  Excavation  for  the  highway  road- 
bed shall  be  carried  to  a  depth  of  I5  inches  below  the  grade  line.  The 
roadbed  shall  then  be  moistened  if  deemed  necessary  by  the  contracting 
officer  and  compacted  to  final  dimensions  and  grades  in  the  manner  and  to 
the  density  required  for  Class  II  fill  as  specified  in  paragraph  1^-01^, 
The  finished  roadbed  for  the  highway  shall  be  formed  by  placing  9  inches  of 
gravel  as  specified  in  paragraph  13-11*  Excavation  below  grade  will  be  paid 
for  at  the  contract  unit  price  for  "Excavation,  R.  R.  and  Highway." 

13-06.  DISPOSAL  OF  EXCAVATED  M/.TERIAL3.  -  It  is  intended  that  all 
suitable  materials  excavated  from  railroad  and  highway  excavation  will 
be  placed  in  roadway  embankments  except  as  provided  in  paragraph  13-07  below. 

13-07.  SPOIL  AREAS.  -  Ifcterials  to  be  wasted  shall  be  deposited  in  the 
designated  spoil  areas  shown  on  the  drawings  or  in  3uch  other  areas  as  the 
contracting  officer  may  designate.  The  low  places  in  the  designated  spoil 
areas  shall  first  be  filled  to  a  uniform  grade  as  directed  by  the  contracting 
officer  and  additional  mate  material  shall  then  be  deposited  uniformly  over 
the  designated  area.  Upon  complietion  of  wasting  operations  the  contractor 
shall  dress  the  spoil  area  to  a  uniform  grade,  sloping  away  from  the  roadbed 
with  no  slopes  steeper  than  four  horizontal  to  one  vertical  (4jl)t  all  to 
satisfaction  of  the  contracting  officer. 
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13-08.   BORROW  AREAS. 

(a)  Classification*  -  Borrow  areas  for  the  various  classes  of 
materials  are  as  follows: 

(1)  Borrow,  Unclassified,  -  Materials  for  required  railroad 
and  highway  embankments,  in  excess  of  materials  secured  from  roadway  ex- 
cavations and  other  required  excavations,  shall  be  secured  from  borrow 
areas  adjacent  to  the  roadway  as  designated  on  the  drawings  or  as  directed 
by  the  contracting  officer.  The  selection  of  the  materials  from  the  borrow 
areas  and  the  placing  of  the  materials  in  the  embankments  shall  be  subject 
to  the  approval  of  the  contracting  officer. 

(2)  Gravel  Borrow.  -  Bank  run  gravel  for  surfacing  the  road- 
bed for  the  railroad  and  for  the  highway  shall  be  obtained  from  sources 
approved  by  the  contracting  officer.  The  general  requirements  and  information 
in  paragraph  l-l4  shall  apply  to  gravel  for  roadbeds. 

(b)  Slopes  and  Berms  of  Borrow  pits.  -  Side  slopes  of  borrow  pits 
will  usually  be  four  horizontal  to  one  vertical  (4:1).   An  undisturbed  berm 
of  not  less  than  25  feet  shall  be  left  between  the  toe  of  the  slope  of 
embankments  and  the  edges  of  the  borrow  pits.  An  undisturbed  berm  of  not  less 
than  10  feet  shall  be  left  between  the  top  of  the  outside  slope  of  the  borrow 
pit  and  the  right-of-way  line, 

(c)  Staking  of  Borrow  Pits.  -  Excavation  in  borrow  pits  shall  be 
performed  so  as  to  leave  as  uniform  a  section  as  practicable  in  order  to 
permit  ready  and  accurate  measurement.  The  depth  of  excavation  in  borrow 
pits  shall  be  as  directed  by  the  contracting  officer  and  will  be  dependent 
upon  the  suitability  of  the  materials  encountered  in  each  specific  location. 

(d)  Drainage  and  Final  Dressing  of  Borrow  Pits.  -  Borrow  pits  shall 
be  excavated  to  a  uniform  grade  and  properly  sloped  and  ditched  so  as  to  drain 
to  the  edge  away  from  the  roadway  and  to  the  nearest  water  course.  The  slopes 
of  borrow  pits  shall  be  carefully  dressed  to  the  required  slope  and  the  bottom 
dressed  to  a  uniform  grade. 

13-09.  DITCHES.  -  Ditches  shall  be  excavated  on  the  uphill  side  and  above 
all  excavations  where  the  original  ground  slopes  toward  the  roadway,  and 
elsewhere  as  indicated  on  the  drsTrings  or  ordered  by  the  contracting  officer. 
Intercepting  ditches  shall  a]30  be  constructed  at  the  foot  of  all  embankments 
where  deemed  necessary  and  to  the  waterway  which  is  provided  to  take  the 
drainage  under  the  roadway,  "There  directed  by  the  contracting  officer  inter- 
cepting ditches  shall  be  excavated  in  advance  of  roadway  excavation  and  em- 
bankment placing.   Materials  excavated  from  intercepting  ditches  shall  be 
placed  on  the  d own  hill  side  of  the  ditch  and  shall  be  neatly  formed  and 
sloped  to  an  embankment  section  as  directed  by  the  contracting  officer. 

13-10.   RAILROAD  AND  HIGHWAY  FILLS 

(a)  Ligiterials.  -  r.laterials  for  the  construction  of  embankments 
shall  be  secured  from  excavation  for  the  roadway,  or  other  required  excavations, 
or  from  the  borrow  pits,   ".liere  there  is  a  choice  of  materials  excavated, 
materials  best  suited  for  the  construction  of  the  embankment  section  shall  be 
used  23  determined  by  the  contracting  officer. 

(b)  Construction  of  Earth  Embankments.  -  The  earth  embankments  shall 
be  constructed,  rolled  ind  compacted  according  to  the  specifications  for  Class 
II  compacted  fill  in  paragraph  4-04« 

(c)  Superelevation  on  Curves.  -  The  tops  of  embanlonents  railroads 
constructed  on  curved  alignment  shall  be  elevated  as  shown  on  the  dr-awings. 
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Highway  widening  and   supe ra leva t ion  shall  be  as  indicated  on  the  drawings. 

13-11,     GRAVEL  FILL  BASE.   -  The  grarel  material   shall   be  selected  from 
the   borrow  pits  within   the  areas  the  contracting  officer  shall  direct,   in 
order  to  secure   the  best  materials  arailable.     The  grayel  materials   shall  be 
loaded  into  the  hauling  eq.uipment   through  a  /|.-inch  "grizzly"    to  remore  all 
large   stones.     Grravel  containing  an  excess  of  earth,   sand  or  other  un- 
suitable materials,  as  determined  by  the  contracting  officer,  shall  not  be 
used.     Embankments  shall  be  constructed  to  final  dimensions  and  grades  free 
from  ruts  and  depressions  prior  to   the  placing  of  the  gravel.     Placing  and 
compaction  of  the  gravel  base   shall  be  done   in  accordance   with   the   speci- 
fications of   the  State  of  New  York,  Division  of  Highways,   Item  39  -  Fouxidati«i 
Course   -  Run  of  Bank  Gravel. 

13-12.     FINISHING  ROADWAY  AND  SLOPES.   -  Before  requesting  the  contracting 
officer  to  accept  any  eection  of  the  roadway  the  contractor  shall  go  over 
the  entire  section  and  shall  replace  materials  naahed  or  eroded  from  embank- 
ment slopes;   trim  and   ciean  all  excavation  slopes;   clean  and  dress  side 
ditches,   and  fill  up  all  wheel  tracks  or  other  depressions  on  ttie  sab-grade* 
Materials  obtained   from  dressing  slopes  and  cleaning  side  ditches  shall  be 
removed  from  the  limits  of  the  excavation  and  disposed  of  as  directed.     The 
contractor  will  not  receive  extra   compensation  for  dressing  the   slopes,   re- 
pairing embankments  and  finishing  sub-grade,  and  the  coat  thereof  ahall  be 
included  in  the  contract  unit  price   for  "Fill;  R.  R.  and  Highway". 

13-13.     AflEASDREMBNT .   -  A  survey  of   the   site  area  will  be  made  just  prior  to 
the  beginning  of   the  work  and  all  measurements  will  be  based  on  this   survey, 
without  regard   to  any  changes  in  the  area   that  may  occur  during  the  prosecutioe 
of  the  work.     Measurements  will  be  made  between  the  original  ground  surfaea, 
as  determined  by  the  above-mentioned  survey  and  excaratiou  of  fill  alopa  liaae 
as   shown  on  the   drawings. 

13-14.      PAYMENTS. 

(a)  All  materials  excavated  for  the  pennanent  railroad  and  highway, 
parking  areas,  ditches,  road  changes,  and  signal  bases  will  be  paid  for  at  the 
contract  unit  price  per  cubic  yard  for  "Excavation;  Railroad  and  Highway." 

(b)  All  materials  except  gravel  fill  base  (paragraph  I3-II)  a^d 
topsoil  for  seeding  (paragraph  I3-23)  placed  in  fills  for  the  permanent 
railroad  and  highway,  parking  areas,  and  road  changes,  whether  obtained  froa 
necessary  excavation  or  from  borrow,  will  be  peid  for  at  the  contract  unit 
price  per  cubic  yard  for  "Fill;  Railroad  and  Highway." 

(c)  No  separate  payment  will  be  made  for  excavation  from  borrow 
pits  to  complete  fills  but  shall  be  included  in  the  contract  unit  price  for 
"Fill;  aailroed  and  Highway." 

(d)  Bank  run  gravel  secured  from  gravel  borrow  pits  and  used  for 
gravel  fill  base  will  be  paid  for  at  the  contract  unit  price  per  cubic  yard 
for  "Gravel." 

13-15.  CULVERTS. 

(a)     Work  Included.   -  The   contractor  shall   furnish,   all  materials. 
labor,   and  aquipaaent  required  for  installing  24-inch  and/or  36-inch   corru- 
gated  iron  drainage   culverts  meeting  the  requirements  of  Federal  Specification 
^-C-806,  as  indicated  on  the  drawings.     The  lengths  of  culverts  indicated  cm 
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the  drawings  are  approximate  only,   and  before  ordering  the   pipe   the  contractor 
rhall   secure  from  the   contracting  officer  the  exact  lengths  required  at  each 
location. 

13-16.     PAYMENT  FOR  CULVERTS.   -  payment  for  furnishing  and  placing  all 
culverts  for  both   the   railroad  and  highway  will  be  made  at   the   contract  unit 
price  per  lineal  foot  for,   "Culverts,"   24-inch  or  36-inch  respectively. 

13-17.      BALLAST  FOR  RAILROAD. 

(a)  Materials.   -  Crushed   rock  for  ballast   shall   conform  to  the 
latest  A.    R.   E.  A.    "Specifications  for  Stone  Ballast".     Under  quality  re- 
quirements of   this   specification  the   test  limits  under  "Suggested  Specifica- 
tion Limits"   shall  conform  to  the  requirements  of  Classification  C. 

(b)  Ballasting  and  Surfacing.  -  The   Contractor  shall  furnish  and 
spread  ballast   of   the  kind  and  quality  specified,  raise,   line,   surface  and 
tamp  the   track  to  stakes  set  by  the   contracting  officer,    and  finish  the 
ballast  surfaces  accurately  to  the  detailed  section  shown  on  the  drawings 
to  the   satisfaction  of  the  contracting  officer. 

(c)  I/taasurement  and  Payment*   -  Ballast  material  accepted  and 
placed  as  a  part  of  this   work  will  be  measured   in  cubic  yards  in  place 
within  the  section  as  shown  on  the  Plans,   and  no  payment  will  be  made  for 
additional  quantities  required  to  provide  for  shrinkage  and  settlement   into 
the  roadbed,   superelevation  of  outer  rail  on  curves,   for  hand-car  rests,   road 
approaches  and   crossings,   handcar  houses,  etc.     Volume  of  ties  lying  within 
the  ballast  sections   shall  be  deducted  using  nominal  7"x9"   dimensions  in 
computing  quantities  of  ballast.     Payment  for  furnishing  ballast  material  so 
measured  will  be    lade  at   the  contract   unit  price  per  cubic  yard   bid  for 
•Ballast."     This   f^yment  shall   constitute  full   compensation  to  the   Contractor 
for  all  expense  necessary  to  furnish  and  transport  ballast  material  to  the 
work  and  placing  in  full   conformity  with  the  Plans  and  Specifications. 

13-18.     TIES. 

(a)  physical  Requirements.  -  Cross  ties  shall  be  sawed  or  hewed 
ties,  8  feet  long,  and  shall  conform  to  Federal  Specifications  IvM-T-371 
dated  May  26,  1937.  for  "Ties,  Wood;  Cross  and  Switch,"  size  No.  5*  7  inches 
thick  by  9  inches  wide  on  top.  All  ties  shall  be  creosote  treated  in  con- 
formity with  the  latest  Federal  specifications.  Switch  ties  shall  conform 

to  the  quality  of  the  above  specifications,  .and  their  lengths  will  be  as  shown 
on  the  plans.  I^yment  for  switch  ties  will  be  included  in  payment  for  cross 
ties. 

(b)  Placing.  -  All  main  track  shall  be  laid  with  18  cross  ties  per 
33  foot  rail,  side  tracks  with  I6  cross  ties  per  33  foot  rail,  a  propor- 
tionate number  of  ties  shall  be  laid  under  shorter  rail  sections. 

(c)  Measurement  and  payment.  -  Ri^asurement  for  ties  will  be  per 
cross  tie,  and  payment  for  furnishing  and  installing  will  be  made  at  the 
contract  unit  price  each  for  "Cross  Ties",  and  shall  include  all  treatment 
and  expense  necessary  to  furnish  and  place  ties  in  accordance  with  the  plans 
and  specifications. 

13-19.  TRACK. 

(a)  Rfeterials.   -  The  govern-ment  will  furnish  the   rails,   turnouts 
and  appurtenances   which  are  required   (see  paragraph  1-10). 

(b)  Laying.   - 

(1)     Rails   shall  be   spiked  with  four  spikes  per  tie   on  tangent 
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track  and  spikes  staggered  in  each  tie  plate.  On  cuirved  track  two  additional 
spikes  per  tie  will  be  required  unless  otherwise  directed  by  the  contracting 
officer  and  these  extra  spikes  must  be  placed  on  the  inside  of  each  rail.  • 
Spikes  must  be  started  yertically  and  squarely  in  spike  hole  of  the  tie 
plate  and  driven  straight  to  full  bearing  on  the  base  of  rail.  TThere  spikes 
are  withdrawn  the  hole  must  be  plugged,  using  a  standard  tie  plug,  at  the 
Contractor's  expense. 

(2)  Tracks  must  be  laid  to  standard  gage  of  four  feet,  eight 
and  one-half  inches  on  tangents  and  on  curves  of  six  degrees  or  less.  Gage 
should  be  widened  one-sixteenth  of  an  inch  for  each  degree  over  6  degrees  to 
a  ■ftximum  of  four  feet  nine  inches  as  directed  in  each  case  by  the  contracting 
officer.  The  alignment  must  be  maintained  on  outside  rail  and  the  extra  width 
of  gage  applied  to  the  inside  rail.  This  extra  width  should  be  xiniformly 
decreased  on  the  spiral  from  the  point  of  the  circular  curve  to  the  point  of 
tangent,  or  unifonnly  graduated  in  the  first  rail  length  of  a  simple  curve. 

(3)  Alignment  of  tracks  shall  conform  strictly  to  the  center 
line  stakes  and  the  top  of  rail  shall  conform  strictly  to  the  grade  stakes. 
Rails  must  be  laid  with  broken  joints  in  all  tracks.   In  main  track  the  joints 
on  one  side  must  not  vary  more  than  one  foot  in  either  direction  frcwi  the  center 
of  the  opposite  rail.  Rails  less  than  standard  length  shall  be  used  for  curves 
to  bring  the  joints  to  their  proper  position.  When  laying  up  to  the  switches 
a  combination  of  rails  less  than  standard  length  must  be  losed  to  avoid  cutting 
if  practicable. 

(4)  In  laying  rail  the  ends  shall  be  properly  spaced  to  allow 
for  expansion  as  directed  by  the  contracting  officer  and  rails  must  be  laid 
consecutively  to  line  and  gage,  one  at  a  time  and  fully  bolted  before  spiking* 
The  practice  of  coupling  up  long  stretches  of  rail  and  subsequently  throwing 
to  line  will  not  be  permitted. 

(5)  In  cutting  rail,  a  saw  or  chisel  should  be  used.  Use  of  torch 
will  not  be  permitted  in  cutting  rails  or  bolt  holes.  All  necessary  new  bolt 
holes  shall  be  drilled. 

(6)  Joints  must  be  properly  put  on  with  the  full  number  of  bolts, 
nuts,  spring  washers  and  nuts  screwed  up  tight.  Bolts  must  be  gone  over  and 
retightened  at  short  intervals  until  all  are  tight.  Bolts  shall  be  placed 

with  nuts  alternately  on  the  inside  and  outside  of  rails.  Spikes  should  not 
be  driven  in  the  joint  bar  slots  or  at  the  ends  of  joint  bars  where  the  spikes 
may  interfere  with  free  movement  of  the  rails. 

(7)  When  laying  rails,  care  must  be  taken  to  avoid  locating 
joints  in  road  crossings,  in  handcar  set-offs  or  on  ends  of  bridges  or  trestles. 

(c)  Msasurenient  and  Fsyment  for  Track  Lsying»  - 

(1)  Measurement  of  track  laying  will  be  in  track  feet,  lifsasure- 
ment  on  main  track  will  be  made  along  the  centerline  of  same  from  point  of 
beginning  to  point  of  ending  of  main  track,  exclusive  of  the  concrete  portion  of 
the  dam. 

(2)  Payment  for  +:rack  laying  so  measured  will  be  msde  at  the 
contract  unit  price  per  track  foot  for  "Track  Laying."  This  payment  shall 
include  the  cost  of  all  plant,  equipment,  tools,  labor  and  incidental  expense 
necessary  to  move  track  material  from  point  of  receipt  to  point  of  use;  to 
install  track,  turnout,  and  appurtenant  items  in  the  work;  to  raise,  line, 
surface  and  tamp  all  track  and  track  appurtenances;  and  to  do  all  other  work 
necessary  to  complete  the  track  work  in  a  workmanlike  manner  and  in  full  con- 
formity with  the  Plans  and  Specifications. 

13-20.  SIGNS  AND  iVIARKERS.  -  All  necessary  signs  and  markers  shown  on  the 
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drawings  or  required  by  the  contracting  ol^ficer  shall  be  installed  conforming 
to  the  standards  of  the  New  York  CJen^ral  Railroad.  Payment  for  all  signs  and 
markers  shall  be   included  in  the   contract  unit  price  for  "Track  Laying." 

13-21.     BITUMINOUS  MACADAM  ROAD  SURFACINO. 

(a)  General.   -  On  top  of  the  9  inch  gravel  base,  paragraph  I3-II. 
the   bottom  course  of  the  roadway  surfacing  shall  be  a  ij.  inch  bituminous  ma- 
cedam  penetration  course,   and  the   top  course  2   inches  plajit  mix  bituminous 
macadam* 

(b)  Bottom  course.   -  The  bottom  course  bituminous  macadam  shall  be 
4  inches  thick  after  compaction  and  rolling.     The  materials,  methods  of  work, 
surface  testing,   and  other  items  shall  conform  to  the  specifications  of  the 
State  of  New  York,  Division  of  Highways,    Item  45-S-  Bottom  Course  Bituminous 
Macadam  -  Penetration  Ifethod.     The  asphalt  shall   conform  to  Item  64P-A  and 

the  amount  used  shall  be   two  gallons  per   square  yard  or  as  ordered  by  the  contract  1 
ing  officer. 

(c)  Top  Course.   -  The   top  course  bituminous  macadam  sh^ll  be  2   inches 
thick  after  compaction  and  rolling.     The  materials,  method  of  wor^t    surface 
testing,  and  other  items   shall  conform  to  the   specifications  of  the  State   of 
rfew  York,  Division  of  Highways,   Item  53  -  Top  Course  Bituminous  J'&cadam  -  Mixing 
Ifethod,  Type  3. 

(d)  Payment."  Payment  for   the   bottom  and   top  course  of  road  sur- 
facing will  be  made  at   the   contract  unit   price  per  square  yard  for  "Road 
Surfacing"   which  payment   shall   include  all  materials,   plant,  and  labor  ne- 
cessary for  completion  of   the  roadway  in  accordance  with  the  drawings. 

13-22 .     HIGHWAY  GUARD  RAIL. 

(a)  General.   -  A  two  wire  guard  rail  shall   be   installed  on  both  sides 
of  all  embankments  greater   than  3  feet  in  height  and  elsewhere  as  directed 

by  the   contracting  officer.     Posts  shall  be  8-inch  diameter   fir,    sound  and  free 
from  defects.     All  posts   shall  be  pressure   creosote   treated   for  the   full   length 
in  accordance  with  the  requirements  of  Federal  Specification  TT-"'^-571a  for 
" Wood -Pre s e rva t ive ;   Preservative -treatment"   as  shown  in  Table   I  for  empty-cell 
treatment   of  structural  timber  for  the   size  and  material    indicated.     Creosote 
shall  conform  to  Federal  Specification  TT-W-566.     All  holes  shall  be  drilled 
before  creosoting.     ^ire   rope   shall   conform  to  Federal  Specification  RR-R-571» 
amendment  4i   dated  January  1941 •   for  "Rope,   Wire,"   for  Type   III,  3  by  7. 
annealed  steel,   galvanized  wire  rope.     Anchor  rods,   clemp  bolts,  and  all  metal 
parts  and   fittings  shall  be  galvanized  iron.     The  posts  shall  be   set  plumb, 
evenly  spaced,  and  true   to  lines  and   grades  as   indicated  on  the  drawings.     The 
wire   shall  be  put   through  hook  bolts  or  through  posts  as  requiied,   and  shall 
be  drawn  taut  and   fastened  securely  on  both  ends  as   indicated.     'Iiere   necessary, 
cable   shall  be  neatly  and  carefully  spliced  or  joined  by  ireans   of  netal 
sockets  into  which  the   cable's  ends  are  securely  fastened  by  pouring  full 
of  molten  zinc.     Deadman  type  anchors  shall  be  provided  at   the  ends,  and  at 
intervals   of  60O  feet  as   indicated  on  the  drawings, 

(b)  Payment.   -  Payment  for  furnishing  and  installing  of  guard  rail, 
complete,   will  be  made  at   the   contract  unit  price  per  lineal  foot  for  "Highvay 
Guard  Rail."     Measurement  will  be  made  from  center  to  center  of  end  posts  plus 
an  allowance  of  15  feet  for  each  anchorage. 

13-23.     SEEDING. 

(a)     General.   -  The  contracting  officer  may  require   that  certain  slopes 
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or  other  areas  adjacent  to  the  highway  and  railroad  be  prepared  and  seeded, 
either  with  or  without  the  application  of  topaoil.  If  30  required,  the 
work  shall  conform  to  the  specifications  of  paragraph  l\.-08, 

(b)  Payment.  -  payment  for  preparing  and  seeding  such  areas  will 
be  made  at  the  applicable  contract  unit  price  per  acre  for  "Seeding"  or  for 
•Seeded  Topsoil,"  which  unit  price  shall  include  furnishing  and  applying 
the  topsoil,  fertilizer,  seeds,  water  for  sprinkling,  preparation  of  the 
surface,  and  all  other  work  in  connection  therewith. 
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Specifications  I   Long  Sault  Dam 

SECTION  XIV  -  MISCELLANEOUS  ITEM  AND  EQ,UIPMENT 
U-Ol.  PIPE  HANDRAILING. 

(a)  General,  -  Handrailing  with  required  and  necessary  fittings 
shall  be  furnished  and  installed  in  the  pier  houses,  on  the  service  bridge, 

on  the  training  walls  and  at  other  places  as  designated  on  the  dravin^^s  or 

as  directed  by  the  contracting  ofiicer.  All  handrailing  shall  be  of  standard 
weight  black  steel  pipe  conforming  to  the  requirements  of  paragraph  9-21  of 
these  specifications  and  dimensioned  and  supported  as  shown  on  the  drawings. 
The  fittings  shall  be  of  malleable  iron,  ball  pattern,  with  screwed  or  riv- 
eted -pin  slip  joints  as  shown  and  shall  conform  to  the  requirements  of  par- 
agraph 9-21 . 

(b)  Payme nt .  -  Payment  for  furnishing  and  installing  handrailing, 
will  be  made  at  the  contract  unit  price  per  linear  foot  for  "Handrailing; 
Steel  Pipe"  for  the  size  and  type  required.  Measurement  for  payment  will 

be  made  along  the  top  rail  between  centers  of  supports.  The  contract  price 
shall  include  all  fittings,  embedded  supports,  expansion  and  anchor  bolts 
necessary  for  installation,  and  painting  as  specified  in  Section  X. 

14-02.  D00F5S. 

(a)  General.   -  Steel  doors  and  frames  shall  be  furnished  and  in- 
stalled in  the   compartments   of  *  the   north  and  south  bulkheads  as   shown  on 
the  drawings.    The  doors  and  Trames  Shall  confoim  to  the  requirements  of 
paragraph  II-06. 

(b)  Payment.  -  Payment  for  furnishing  and  installing  steel  doors 
and  frames,  complete  with  hardware,  will  be  made  at  the  contract  unit  price 
per  pound   for    "Doors  and  Windows;  Steel." 

14-03.      SAFETY  TREADS . 

(a)  General.-  Safety  treads  shall  be  furnished  and  installed  by 
the  contractor   in  all   concrete  stairs  as  shown  on  the  drawings.     Safety 
treads   shall  conform  to  the  requirements   of  paragraph  9-03* 

(b)  Payment .  -  Payment   for  furnishing  and   installing  safety  treads 
complete  with  anchorages  will  be  made  at  the  contract  unit  price  per  pound 
for   "Safety  Treads." 

14-04.     BUBBLER  PIPES. 

(a)  General.   -  Each  spillway  section  shall  be  provided  with  3  bub- 
bler pipes   complete  with  nozzles  and  malleable   iron  pipe  caps  and   installed 
as   indicated    on  the  drawings.     Care  shall  be   taken  during  handling  and  in- 
stallation to  insure  that   the  tubes  are  not  bent   or  deformed  and  are   free   from 
burrs  and  foreign  matter. 

(b)  Tubes.   -  Bubbler  pipes  shall  be  3/4-inch  brass  pipe  conforming 
to  Federa]    Specification  WW-P-351  and  Errata  1  dated  October  I93O  for   "Pipe; 
Brass,  Seamless;   Iron-Pipe -Size,  Standard  and  Extra  Strong,"  Grade  A. 

(c)  Nozzles,-  Bubbler  pipe   nozzles  shall  be  of  stainless  steel 
conforming  to  Federal  Specification  Q,^-S-763  for  "Steel,  Corrosion-Resisting; 
Bars  and  Forgings,"  Grade   6,  and  shall  be   installed  as   shown  on  the  drawings 
or  as  directed  by  the   contracting  officer. 

(d)  Payment.   -  Payment  for  furnishing  and  installing  bubbler  pipes, 
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complete  with  nozzles  and  pipe  caps  will  be  made  at  the  contract  unit  price 
each  for   "Bubbler  Pipes." 

14-05.     ELECIFICAL  CONDUIT  SYSTEM. 

(a)  General.   -  Only  that  portion  of  the  electrical   conduit  system 
which  will  be   embedded   in   concrete   or  as  may  be   directed  by  the   contracting 
officer  will  be   installed  under  this  contract.     This  will   include  conduit 
for  roadway  lighting,  branches   to  heaters,   flood  lights  and   crane  circuits, 
and   embedded   feeders. 

(b)  Workmanship.   -  Rigid  metal   conduit  shall   be   installed   in 
accordance  with  the  requirements   of  the  National  Electric  Code  and  to  the 
satisfaction  of  the    contracting  officer.      Ends    of  metal   conduit  shall   be 
reamed  to  remove   rough  edges  and  burrs  and   all    joints  between  lengths    of 
conduit,  and  at  switches,    junction  boxes  and   fittings  shall  be  watertight  and 
shall   provide  electrical   continuity  of  the  conduit   run  so  that   it  can  be 
effectively  grounded.     Open  conduit  ends   shall  be   capped,   except  when  working 
on  the   run,   to  exclude  dirt  and  moisture.     Conduit  runs  shall  be   pitched   to 
provide  suitable  drainage  and  all  low  sections   of  conduit  runs   that  may  trap 
water  shall  be  vented  for  drainage   in  a  suitable  manner.     Any  run  of  con- 
duit extending  through  a   construction   joint,   or   changing  from  an  embedded  to 
an  open  run,    shall  extend   not   less  than  the   threaded  length  plus  1   inch  past 
the   face   of  the  concrete.     All  conduit  bends  shall  have  a  radius   not   leas 
than  that  recomended  by  the  National  Electric  Code.     Field  bends  may  be  used 
if  of  the  proper  radius  and  carefully  made  with  suitable  tools  so  that   the 
conduit  is   not   flattened.     No  threadless   fittihgs   or  running  thread  couplings 
shall  be  used  in  conduit  runs.     All   conduit  terminations  shall  be  threaded 
and  sealed  with  pipe  caps,   couplings  and  pipe  plugs  or  donduit  bushings   and 
metal  discs,  before  concreting  operations  are  comnenced. 

(c)  Expansion  Joints.   -  Where   conduit  runs  cross  structural 
expansion  joints  ,of  standard  manufacture  similar  or  equal   to  Crouse-Hinds 
"^ype  XJ  Condulets  shall  be  provided.     Grounding  jumpers  shall  also  be   provided 
to  insure  electrical   continuity  in  accordance  with  the  National  Electric  Code. 

(d)  Conduit.  -  All   conduit  shall  be  rigid  metal   conduit,   enameled 
on  the  inside  and   outside  and   shall   conform  to  Federal  Specification  WW-G-571, 
dated   jUne  6,   1933 1   ^or  "Conduit;  Steel,  Rigid,  Enameled." 

(e)  Conduit  Fittings.   -  All  conduit   fittings  shall  be  high  test 
gray  iron  or  malleable   iron  castings,   enameled   on  the   inside  and   ouside,   of 
the  types  and   sizes  specified   or  indicated.     They  shall  be  approved  by  the 
National  Board  of  Fire  Underwriters. 

(f)  Payment .   -  Payment   for  furnishing  and  installing  nietal   conduit, 
including  conduit   fittings   and  supports,   completely  installed  in  place,  will 
be  made  at   the  contract  unit  price  per  pound  for  "Conduit;  Metal." 

14-06.      ELECTRICAL  GR(jU1>JDING  £.YSTEM. 

(a)   General.    -  An  electrical  grounding  system  shall  be  furnished 
and   installed  as  shown  on  the  dra/, ings,    for  the  protection  of  all  machinery 
and  equipment   on  the   dam.     Five  ground   cables  shell  be  embedr:ed   in  the   concrete 
of  the   dam  where  directed,  with  100  ft.    of  each  cable  resting  on  the   river 
bed,  and  the  upper  end  exposed  for  connection  to  the  longitudinal  cables. 
Each  embedded   cable  shell   be   of  sufficient   len^'tv   ^or  the   complete  installation 
and  the  .unattached     jjart   shall  be  temporarily  coiled  and  protected.     No  splices 
shall  be  made   in  any  embedded   ground    cable. 

Two  exposed   cables   shall  extend  the   full  length  of  the  dam  and 
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shall  be  supported  at  intervals  of  10  ft.  or  less.  Each  of  these  longitu- 
dinal cables  shall  be  connected  to  all  five  of  the  embedded  ground  cables  in 
an  approved  manner. 

(b)  Cable.  -  Ground  cable  shall  be  standard  bare  stranded  annealed 
copper,  single  conductor  cable.  The  size  shall  be  as  shown  on  the  drawings. 

(c)  Payment.  -  Payment  for  furnishing  and  installing  the  grounding 
system  in  place  as  required,  including  all  necessary  conduit  nipples,  bushings 
and  protective  housings',  will  be  made  at  the  contract  lump  sua  price  for 
•Electrical  Grounding  System." 

14-07.  FLOOE  GRAI'ING. 

(a)  General.  -  Floor  grating  shall  be  furnished  and  installed  for 
the  drainage  gutters  in  the  service  and  inspection  galleries  as  shewn  on  the 
drawings. 

Floor  gratings  shall  conform  to  Federal  Specification  PP-G-66la 
for  "Gratings;  Steel,  Floor   (Except   for  Naval  Vescels),"  Type  I,  weld«d   cross 
members  and  1"  x  3/1^"  bearing  bars. 

(b)"  Payment .   -  Payment   for  furnishing  and   installing  floor  gratings, 
accurately  fitted,  and  painted  as   required  will  be  made  at   the   contract  unit 
price   per  pound  for  "Floor  Grating;  Steel." 

14-08.     HATCH  COVERS. 

(a)  General.   -  Hatch  covers  shall  be   provided  for  the  hatch  open- 
ings  of  the   gate   repair  and  storage   chambers   in  the   north  bulkhead  section, 
^he  hatch  covers   shall  be   constructed  of  reinforced   class   "A"   concrete  and 
structural  steel  as  detailed   on  the  drawings. 

(b)  Payment.   -  Payment   for  constructing,   installing  and  paintii^ 
the  hatch  covers  will  be  made  at  the  respective  contract  unit  pi*ices  for 
"Concrete;   clasp   "A"      "Steel  Erection;  Concrete  Reinforcing"  and   "Steel 
Erection;  Structural." 

14-09.      GALLEPY  GUTTEF  DRAI^B  . 

(  a)   General .  -Cast   iron  pipe  drains,  located  as  shown  on  the  draw- 
ings shall  be  installed  between  the  porous  concrete  drains  and  the  service  and 
inspection  gallery  gutters.     Cast   iron  pipe   for  the  drains  shall   conform  to 
Federal  Specification  WW-P-401  for   "Pipe  and  Pipe-Fittings;  Soil,  Cast-iron." 

(b)   Payment.-  Payment  for  furnishing  and  installing  cast-iron  gal- 
lery gutter  drains  will  be  made  at  the   contract  unit  price  per  pound   for  "Pipe; 
Cast-iron." 

14-10.      GALLERY  AND  PUr.lP  SUKP  DRAINS. 

(a)  General .  -  Steel  pipe  drains  complete  with  check  -valves  shall 
be  furnished  and   installed   in  the  inspection  gallery  and  pump  surrps  ;   as  shown 
on  the  drawings.     The   pipe  shall  be   straight,   free   from  rust,   oil,   and   foreign 
matter  and  shall  be  plugged  during  concreting  operations.     Joints   in  the   steel 
pipe  drains  shall  be  welded. 

(b)  Pipe.   -  Pipe  shall   conform  to  Federal  Specification  Wy7-P-403a 
for  "Pipe;  Steel  and  Ferrous -Alloy,  Wrought,   Iron-Pipe -Size,"  Type  I  Class 
"A",   black. 

(c)  Valves .   -  Each  drain  shall   be  provided  with  a  10"   check  valve, 
horizontal  swing  type,   balanced   gate,   iron  body,  bronae  mounted,   similar  and 
equal  to  the  valve  shown  in  Figure  l86-a,    page   4of   1940   catalog  of  the  Eddy 
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Valve  Company,  '^aterford,  N.Y. 

(d)  Payment .   -  Payment   for  furnishing  and   installing     gallery 
and   pump  sump  steel  pipe  drains,    complete  with  check  valves,  will  be  made 
at  the  ccntract  unit  price  each  for  •Gallery  Drains." 

14-11.     BRONZE  STAGE  GAUGES. 

(a)  General.  -  Bronze  stage  gauges   consisting  of  cast  bronze 
numerals  and  markers  shall  be   furnished  and  installed   on  each  bulkhead  as 
shown  on  the  drawings.     The  bronze  shall   conform  to  the   requirements   of 
paragraph  9-10.     The   numerals  and  markers  shall  be   of  the   type  and  size  and 
contain  anchors   essentially  as   shown  on  the  drawihgs,   except   that   commercial 
numerals  may  be  furnished  subject   to  the  approval  of  the   contracting  officer. 
The   numerals  and  markers  shall  be   installed   in  such  a  manner  that  the   face 

of  the  metal  is  flush  wiih  the  face  of  the  concrete  and   shall  be  accurately 
placed  on  the   form  and  securely  attached   thereto,  by  any  method  the   contractor 
may  elect,   subject  to  the  approval  of  the   contracting   officer.     The  numerals 
and  markers  shall   not  be  displaced  during  concreting  operations.     After 
removal   of  the  forms,  the   contractor  shall  polish  the  faces   of  the   numerals 
and  marKers  and  smooth  finish  the   concrete  adjacent  to  the  metal. 

(b)  Payment .-  Payment  for  furnishing,  installing  and  polishing 
bionze  stage  gauges  will  be  made  at  the  contract  unit  price  per  pound  for 
"Bronze;   Castings." 

14-12.     AIR  VEOT  GKILLS  AND  SUMP  PUMP  SUPPOPTS . 

(a)  General*   -  The  air  vents  at  each  end    of  the  service  and 
inspection  galleries  shall  be  provided  with  strutural  steel  grills,   complete 
with  copper  wire  mesh  screens   and  anchor  bolts,   fabricated  and   installed  as     " 
shown  on  the  drawings.     Structural  steel  sump  pump  supports  shall  be   furnished 
and  installed  as  shown  on  the  drawings.     Structural  steel  shall   conform  to  the 
requirements   of  paragraph  9-04. 

(b)  Payment .   -  Payment  for   furnishing,   installing  and  painting 
punp  sump  supports  and  air  vent  grills,  complete  with  copper  screens  and  anchor 
bolts  will  be  made  at  the   contract  unit  price   per  pound   for  "Steel;  Structural, 
Mis  ce  1  la  ne  ous . " 

14-13.     BALCONY  RAILING. 

(a)  General.   -  The  balconies   of  the   pier  hoUses  shall  be   provided 
with  structural  steel   railing,   fabricated  and    installed  as  shown   on  the  draw- 
ings.    Structural  steel   shall   conform  to  the   requirements   of  paragraph  9-04» 

(b)  Payment.  -  Payment  for  furnishing,  installing  and  painting 
balcony  railing,  complete  with  anchor  bolts,  will  be  made  at  the  contract 
unit  price  per  pound   for   "Steel;  Structural,  Miscellaneous." 

14-14.      GUARD  CHAINS  &  MISCELLANEOUS  BOLTS  &  FORGINGS. 

(a)  General.    -  Forged  steel  guard   chains   complete  with  anchors  and 
hooks  as  described   in  paragraph  9-28  shall   be   provided  and    installed  at   pier 
stairways,   pump  sump  manholes   and   other  locations.     Miscellaneous  bolts   and 
forgings   shall  be  furnished  and   installed  as   shown  on  the   drawings   or  as  may 
be  required  by  the   contracting  officer. 

(b)  Pa^TTient.   -  Payment    for  furnishing  and   installation  of  guard 
chains,   guard   chain  hooks  and  anchors,  and  miscellaneous   bolts  and   forgings 
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for  which  payment   is   not   otherwise  provided  will  be  nede  at  the  contract 
unit  price  per  pound   for   "Steel  Forgings  ;  Miscellaneous." 

14-15.      BRAZIKG  .FIELD  RIVETING,  AND  FIELD  WKLDIKG. 

(a)  Brazing.  -  The  surfaces  at  the    joint  shall  first  be  thoroughly 
cleaned  and  the  parts   fir:r.ly  clamped  together.     The  brazing  shall  be  done   in 
such  a  way  as  to  prevent  oxidation  during  the   process,   preferably  by  using  a 
calcined   flux.     The  spelter  shall  be  a   copper-zinc  alloy  composed   of  6k%  copper 
and  3^%  zinc. 

(b)  Field  Riveting.  -  The   rivet  sizes  shown  on  the  drawings  are 
the  actual  size   of  the   cold  rivets  before   heating.     All  connections  shall  be 
accurately  and  securely  fitted  up  before  the  rivets  are  driven.  Drifting  done 
during  assembling  shall  be  only  such  as  to  bring  the   parts   into  position  and 
not  sufficient  to  enlarge  the   holes   or  distort  the  metal.     Rivets  shall  be 
driven  with  a  pneumatio  Ixannner  and  a  pneumatic  bucker  used  where  practicable. 
Rivets  shall  be  heated   uniformly  to  a  light  cherry-red    color  and  driven  while 
hot.     They  shall   not  be  burned  or  over-heated.     When  heated  and  ready  for 
driving  they  shall  be   free   from  slag,  scale  and  other  adhering  matter.     When 
driven  they  shall   completely  fill   the  holes.     Heads  shall  be    of  an  approved 
shape,    of  full  and   equal  sizes,    free   from  fins,   concentric  with  the  shanks, 
shall  have   full  contact  with  the  surface   of  the  member,   and   shall  grip  the 
assembled  parts  firmly  together.     Unless   otherwise  specified    or  authorized, 
counter-sunk  rivets  shall   be  chipped   or  ground    flush.     Loose,  burned,   badly 
formed,   or  otherwise  defective  rivets  shall  be   replaced.     In  removing  defec- 
tive rivets  care  shall  be   taken  not   to  injure   the  adjacent  metal  and,    if 
necessary,   they  shall  be  drilled  out.     Calking  or  recupping  of  defective 
rivets  will  not  be  permitted.     In  any  case  when  a   cold  rivet   of  the  size 
specified  cannot  be   entered  with  light  tapping,   the  hole  shall  be  reamed  with 
a  twist  reamer* 

(c)  Field  Welding.   -  Welding  will  be  permitted  only  where  spec- 
ifically called  for  on  the  drawings   or  as  authorized  by  the  contracting 
officer.     All  pieces  to  be  welded   shall  be   free  from  rust,   paint,    or  other 
foreign  matter  for  a  distance    of  not  less  than  1/2  inch  back  from  the  weldihg 
edge. 

All  welding  shall  be  done  by  competent  welders  by  the  electric  arc 
method,   using  a   process  which  will  exclude  the  atmosphere  from  the  molten 
metal.     The  welding  shall  be  done  in  a  manner  that  will  produce   complete 
fusion  with  the  parent  metal.     Unless   otherwise   specified,   the  applicable 
current  codes,  specifications   and  recomended   practices   of  the  American  Welding 
Society  shall  govern  all  welding  work.     Certification  of  welders  will  not 
be  required   unless,    in  the   opinion  of  the  contrecting  officer,    inspection  of 
the  work   indicates   that  unsatisfactory  welds  are  being  produced. 

Field  welding  on  gates  will,    in  general,    be  only  for   the  purpose 
of  calking  joints   or  plugging  holes.     However,  welding  may  be   required   or 
fllloved  by  the   contracting  officer   for  certain  other  minor  details  . 

Deposited  weld  metal   shall  have   corrosion,   physical  and  chemical 
characteristics  consistent  with  those    of  the  base  metal.     Coated  welding  rods, 
if  used,  shall  be  of   the  heavily  coated   type. 

14-16.  .  PLUIvBING. 

(a)   General.   -  The   necessary  embedded  pipe  and   connections  for 
the  future  plumbing  system  shall  be   furnished  and   installed  as  shown  on  the 
drawings.      Joints   in  bell  and   spigot  pipe  shall  be  made  with   caulking  jute  and 
sulphur-base   joint  compound  approved  by  the  contracting  officer.     Joints   in 
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steel  or  wrought  iron  pipe  shall  be  threaded.  Open  ends  of  pipe  shall  be 
capped  or  otherwise  protected  to  prevent  clogging  of  the  pipe  or  damage  to 
the  ends . 

(b)  Payment .  -  Tayment  for  furnishing  and  installing  plumbing 
under  this  contract  will  be  made  at  the  applicable  contract  unit  price  per 
pound  for  "Pipe;  Cast  Iron,"  "Pipe;  Wrought  Iron,"  or  «Pipe;  Black  Steel, 
Miscellaneous,"  which  payment  shall  include  the  cost  of  furnishing  joint 
material  and  making  pipe  connections  as  required. 

14-17.  DECK  DRAINS. 

(a)  General.   -  Drains   consisting  of  cast  iron  frames   and  gratings 
shall  be   installed   in  the  deck  of  the  bulkheads  as  shown  on  the  drawings. 
The  drains  shall  be  connected  to  wrought   iron  or  cast    iron  pipe  as  shown  on 
the  drawings.     Joints   in  bell  and  spigot  cast   iron  pipe  shall  be  made  with 
caulking  jute  and  sulphur-base    joint   compound  approved  by  the  contracting 
officer. 

(b)  Payment.  -  Payment  for  furnishing  and   installing  deck  drains 
and  piping  will  be  made  at   the  applicable   contract  unit  price  for  •Iron; 
Cast,"   "Pipe;  Cast  Iron,"  or   "Pipe;  Wrought   Iron,"   which  payment  shall   include 
the   cost  of  furnishing   joint  material  and  making  pipe   connections  as  required. 

14-18.     PAHCING  AREAS. 

(a)  General.   -  Parking  areas  shall  be   constructed  where  shown  on 
the  drawings.     The  areas  shall  be  graded  to  6  inches  below  the   finished  grade 
as  established  by  the   contracting  officer  and   compacted  similar  to  Class  I 
fill   of  the  embankments.  The  areas  shall  be   covered  with  selected  bank  run 
gravel  similar  to  the   sand  and  gravel  backing  specified   in  paragraph  4-0^ 

(b)   to  provide  a  depth  not   less   than  6  inches  after  compaction.     The  gravel 
surfacing  shall  be   rolled  to  provide  a  smooth,  firm  surface,  with  a  slope   to 
provide  a  good  surface  drainage. 

(b)  Payment.   -  Payment   for  grading  will  be  made  at  the  contract 
unit  prices  per  cubic  yard   for  "Excavation;  R.R.   and  Highway"  and   "Fill;   R.R. 
and   Highway.*     Payment   for  gravel  surfacing  will  be  nBde  at   the   contract  unit 
price  per  square  yard  for  "Rolled  Gravel  Surface,"  which  payment  shall  include 
furnishing  and   placing  as  required. 

14-19.     FIAGSTOKE  SIEFS. 

(a)  General.   -  Flagstone  steps  shal-l  be   constructed  as   shown  on 
the  drawings.     The  stones  shall  be   selected   from  the   required   rock  excavation 
for  the  dam.     The  stones  shall  be  laid   over  a  sub-base   of  selected  bank  run 
gravel  and  bedded   in  portland   cement  mortar  of  approved  mix.     All  work  shall 
be  done  in  accordance  with  best  standard  practice. 

(b)  Pavmf?n|,.    -Payment   for  furnishing  and   placing  flagstone   steps 
will  be  made  at  the   contract  unit  price  per  square  yard  for  "Flagstone  Steps." 

14-20.      STCNE  WALL. 

(a)  General .  -  Stone  walls   laid   in  mortar  of  approved  mix  shall  be 
constructed  as  shewn  on  the  drawings.     The  walls   shall   be   true   to  line  and 
constructed   in  accordance  with   the  best  standard   practice. 

(b)  Payment .      -  Payment   for  furnishing  and  constructing  the  stone    wall 
will  be  made  at   the  contract   unit   price  per  cubic  yard   foi    "Stone  Wall." 
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Long  Sault  Dam 

Invitation  No, 

STANDARD  GOVERNMENT  FORM  OF  BID 
(Construction  Contract) 


(Place) 
(i'ate) 


Tot  The  District  Engineer, 
U.  S.  Engineer  Offece, 
Massena,  New  York. 


1.  In  compliance  with  your  invitation  for  bids  dated 


and  subject  to  all  the  conditions  thereof,  the  undersigned. 


a  corporation  organized  and  existing  under  the  laws  of  the  State  of 


a  partnership  consisting  of 


or  an  individual  trading  as 


of  the  city  of 


hereby  proposes  to  furnish  all  plant,  labor,  and  materials  and  perform  all  work 
required  for  the  construction  of  the  long  Sault  ^am,   complete,  at  the  locations 
shown  and  to  the  extent  indicated,  in  strict  accordance  with  the  specifications, 
schedules,  and  drawings,  for  the  consideration  of  me   following  prices: 


SCHEIULE  OF  3ID  ITEVS 


Item 

No. 


1 
2      I 


Designation 


!  :  :   Unit 

:Unit         :      Q.uantity    ;      Price 


Ajnount 


Excavation;  Crib  footing :Cu. Yd. 
Timber  Cribs  'M.B.V.. 

Crib  Sheathing  (Buli-che=id)Sq.Ft . 


Steel  Sheet  Piling 
Crib  Fill 

Earth  Fill;  Cofferda-as 
Rock  Fill;  Cofferdams 
Riprap;  Cofferdams 


Sq.Ft. 
Cu.Yd. 
Cu.Yd. 
Cu.  Yd, 
Cu.Yd. 


Derrick  Stone;  Cofferdams  Ton 


Cofferdam  Removal 

Unwatering  Cofferdams 

Excavation;  Diversion 
Cuts;  Earth 

Excavation;  iJiversion 
Cuts ;  Rock 

Fill;  M:^ssena  Weir,  Rocli: 

Exfcavation;Massena  Weir 

Stop  logs;  concrete 

Diversion  Gates;  Opera- 
tion and  Maintenance 

Excavation;  Common 
Excavation;  Rock 
Excavation;  Borrow 
iLine  Drilling         , 

Prilling  3-iiich  Explora- 
tory holes 


Cu.Yd. 
AcreFt 

Cu.Yd. 

Cu.Yd 
Cu.Yd 
Cu.Yd. 
Cu.Yd. 

Sum 

Cu.Yd 

Cu.Yd 

■Cu.Yd. 

iSq.Ft. 


65.9:^0 
5.200 

13,800 
44.200 

118.200 

310,000 
26 ,500 
15.700 

5,000 

376,800 

56,000 

13,310,000 

5,000 
6,500 

35.000 
1,180 

Job 

490,000 

80,000 

180,0:0 

45,000 


$ 


'$ 


$ 


$. 


$. 


$ 


$ L 

$ $. 

f, $ 


Lin. Ft.   17.400    $_ 


:$ 


II 


SCHBDULC   (Continued) 


Item 
No. 

t    DesiFnation 

•Unit    ! 

Quantity 

Unit 
Price  ! 

Amount 

23 

• 

Drilling  6-inch  Holes  :  Lia.Ft. 

:        j 
Drilling  6-inch  Concrete       j 
Cores             :  Lin. Ft* 

!     7.500 

1 

!     1.000 

!   64,000 

5 ,000 

40,000 

930 

130,000 

!   175.000 

t   280,000 

! 

:   100,000 

:    16,700 

:    12,400 

:    22,400 

!     6,600 

:    66,000 

: 

!  •        6     i 

•           k      ' 

! 

17,500 

! 

41,000     : 
1 

525,000      ! 

2,000 
2,000 
31.300     : 

'.   $ 

$ 
t 

\   $ 
'.   $ 

:  $ 

1 
i 

':   $ 

25 

Drilling  Foundation 
Grout  Holes  in  Rock 

Drilling  Foundation 
Grout  Holes  in  Concrel 

Pressure  Grouting 

Core  Boxes 

Excavation,  Railroad 
And  Highway 

Fill;Railroad  and  High- 
way 

:  Earth  Fill ;CompaCced 

1  Additional  compaction  - 

':   Filter 

!  Riprap,  Dumped;  CI  ass  A 

.  Riprap, Dumped;  ClassB 

Lin. Ft. 

;eLin.Ft. 
!  Cu.Ft. 
Each 

:  Cu.Yd.  1 

1 

'  CuYd. 

Cu.Yd 

Square 
(lOOsf) 

,  Cu.Yd. 

!  Cu.Yd. 

,  Cu.Yd. 

'.    $ 

26  ; 

'.    $ 

27   : 

'  $ 

'  $ 
'  $ 

$ 

$ 
$ 

'  $ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

28 

'  $       i 

29   i 

'i   %                ': 

30 

':   $ 

31 

'  % 

32 

:  $       i 

33 

34 

:  $        i 

i 

'.   $ 

35 

:  $       ! 

36 

J 
!  Sand  and  GSravel  Backing  Cu.Yd. 

':   $ 

37 
38 

t 

•  Road  Surfacing 

.  Seeded  Top  Soil 

Seeding 

i 
t  Concrete;  Class  A 

Concrete;  Class  B 

Concrete iClassC       ' 
Rock  Flour  in  Grout 

!  Sand  in  Grout        ; 

!  Drains;  Porous  Concretfl 

i   Sq.Yd 

:  Acre 
Acre 
Cu.Yd.  ! 
Cu.Yd 
Cu.Yd  ' 
Cu.  Ft.: 
Cu.Ft.  : 

i   Lin. Ft.: 

\   $ 
$ 

1 

39  1 

!         : 
•  $ 

40 

$ 

41 

$       ■ 

42 

$       i 

43 

$    -    '. 

44 

$ 

45 

$       ': 

SCJHEDULE  (Continued) 


Item 

No.: 


Designation 


Unit 

Unit      : 

Quantity   : 

Price 

Cu.»Jt.    : 

1,700    : 

$ 

Lbs.        :' 

7  ,-5  30, 030    s 

$ 

Lbs.         :! 

5,000,OjO    : 

$ 

Lbs.         : 

781,030     : 

$ 

Lbs. 

Sum           : 

14,605,000  : 
Job        : 

$ 

$ 

Lbs.          : 

2,500  : 

$ 

Lbs.          : 

5,003 

$ 

Lbs .          ! 

43,003 
• 

.$ 

Ljs  . 

38,030 

'$ 

Lbs. 

37,000 

:$ 

Lbs. 

:         65 ,300 

:$ 

Lbs. 

:           2,003 

:$ 

Lin. Ft 
Lin. Ft 
Lin .Ft .  . 

:          5.603 

575 

:                600 

.  t 

:t 

:$• 

;Lbs 

:      46,    00 

:$ 

.Lbs 
;Uds 

Xbs 

••        3.400 

:            930 

:     73,000 

:$ 

:$ 

:$ 

JLbs 

:       4,600       ^ 

JLin.Ft. 

:     29 ,000        6 

Xin.Ft. 

:       6.300        $ 

JLin.Ft. 

:           600 

^ 

AxQount 


46  :  Special  Bitvminous 
:   Filler;  Type  C 

47  i   Steel  Erection;  Structural 

Steel  Erection;  Concrete 
Reinforcing 

Steel  Rails ;  placing 

50  :  Spiii'vay  Gates;  Erection 

51  :  Gantry  Cranes  and  ^ixed 
Hoists;  Erection 

Steel  Forgings;  Miscell- 
aneous 

Steel;  Structural,  Mis  - 
cell^neous 

Iron; Cast 

Pipe;  Cast  Iron 

Pipe ;  Wrought  Iron 

Pipe;  Blick  Steel,  8  in. 

Pipe; Black  Steel,  Mis- 
cellaneous 

Pipe;  Concrete, Halved 

Culverts  24  in. 

Culverts  36  in. 

Babbitt 

Bronze;  Castings 

Copper,*  Sheet 

Corrugated  Iron;  Water    . 
stops 

Doors  &  '''indows;  -^teel 

Highway  Guard  Rail 

Han cir ailing;  Steel  Pipe, 
2  in. 

J  Handrgil  iner tsteel  pipe, 

1-  1/2" in. 


SCHEECLE  (Continued) 


Item 
Ho. 

Designation 

:   Unit 

:  Quantity 

Unit 
:  Price 

:    /Imount 

70 

Floor  Grating:  Steel 
!  Safety  Treads 
,  Scuttles 

Roof  Ventilators 

Flagpole 

Glass  Brick 

'  Conduit ;  Metal 

Electrical  Grounding 
System 

!  Bubbler  Pipes 

!  Gallery  Drains 

!  Roof  Drains 

.  Roof  Surfacing 

Rolled  Gravel  .3urface 

Flagstone  Steps 
!  Stone  Wall 
,  Gravel 
!  Ballast 

Gross  Ties 

Track  Laying 

Field  Office             ; 
Field  Office  Extension    : 

:  Lbs. 
:  Lbs. 

:  Each 
:  Each 
:  Each 
:  Sq.Ft. 
:  Lbs. 

:  Sum 

:  Each 

:  Each 

:  Each 

:  Square 
:  (lOOsf) 
'  Sq.Yd. 

:  34  .Yd 

:  Cu.Yq 

:  Cu.Yd 

:  Cu.Yd 

:  Each 

:  Track 
:  Ft. 

Sum   : 

Sum   : 

:  55.000 
:   8,300 
:       2 

'i             6 
'i             6 

! 

:         440 

!  30,000 

i           Job 
:     120 
!       9 

i     6 

! 

■              8 

•  15,300 

•  50 
:     120 

.  35.000 
11,700 

!  11,000 

!   19,600 

Job 

Job    : 

'^ 

$ 

71 
72 

$      ': 
$       ': 

$ 
$ 

73 

\   $ 

!  $        i 

!  $      ': 

$ 

74 
75   . 

$ 
$ 

76 
77 

',                    : 
$       i 

$ 
$ 

78 

$       '. 

$ 

79 

$       '. 

% 

80 

'.  $      ; 

$ 

81 

$ 

82 

•  $ 

$ 

83 
84 

"  $ 

85 

'  $ 

$ 

86 

$ 

$ 

87  = 

$ 

$ 

! 

88   : 

; 

'.   $       i 

$ 

1 

89   : 

i  $      ; 

$ 

90   : 

$      ': 

$ 

N0T5S:   (a)  All  amounts  and  totals  given  above  will  be  subject  to 
verificatioii  by  the  Unitea  States.   In  c^se  of  v-iriation  between  unit  bid 
price  and  totals  shown  by  bidrer,  the  unit  price  -ffill  be  considered  to  be 
his  bid. 

(b)  A.11  bids  must  be  for  the  entire  work  and  must  have  each  blank 
apace  filled  in. 

(c)  The  Ciuantities  of  e^ch  item  of  the  bid,  as  finally  ascertain- 
ed at  the  close  of  the  contract,  in  the  units  given  and  the  unit  prices  of  the 
several  items  stated  by  the  bidder  in  the  accepted  bid,  will  determine  the 
total  payments  to  accrue  under  the  contract.  The  unit  price  bid  for  each 

item  must  allow  for  all  collateral  or  inoirect  cost  connected  with  it. 

2.   r-XPEBIgJCE .   (See  Invitation  for  Bids,  paragraph  l6.) 


3.   ST\TEr.ENT  ESTABLISHING  F^ra/ANErJT  PL\C5  OF  BUSI^JESS  A-^JD  FINANCIAL  STATUS, 

(See  Invitation  for  Bids.) 


VI 


STATaaENT  ESTABLISHING  FERMANENT  HLACE  OF  BUSINESS  AND  FIMANCIAL  STATUS.  (Continued) 

(See  Invitation  for  Bids.) 


h»     PT.AWT  TO  HK  TTSF.D  OK^  TTTR  WOPTC.  (See   Invitation  for  Bids  and  paragraph 
1-20  of  the  specifications.) 

(a)     Earthwork. 

(1)     Excavating  Equipment. 


(3)     Bnbankment  Equipment. 

(a)     Spreading;  and  Rolling  Equipment, 


No. 

!  Type 

!  Manufacturer 

!   Capacity 

* 

Age 

;  Condition 

E 

! 
E 

i 
i 

5 
! 

I 
t 

i                     i 
I                     : 

(2)     Transporting.  Equipment . 

I 

:              : 

!              : 

I 

E 

! 
E 

, 

: 

E 

VII 


(3)  Embankment  Equiianent.  (Continued) 

(a)  Spreading  and  Rolling.  Equj-pment . 


(b)  Concrete. 

(1)  Batchinp;  Equipnent , 


No. 

!     Type 

t    Manufacturer 

Capacity              j 

Age          J 

Condition 

, 

1 

>                                                                        • 

t                     I 
: 

: 

:                           i 

>                                                                        •                                                                            1 

t 

2 

i                    : 

(b)     Pumping  and  Watering.  Equipment, 

t                      : 

; 
1 

i 

;                     : 

:                     : 

!                     : 
: 

i                                       :                     s 

t 

! 

t                                     i 

1                                                 ^ 

i 

! 

!                                     : 

: 

J 

»                                                                          « 

: 

:                              i 

! 

i                            : 

! 

t 

(2)  Transporting  Equipment, 


•  • 

I : 

:         : 

:  : 

:        t 


(3)  Miscellaneous  Equipment, 


No. 

t     Type 

'  Manufacturer   :   Capacity      :  Age    j 

t  Condit  ion 

1 

t 

:                X         : 

(c)  Drilling  Equipment . 

i           X               :               X         s 

*                                   •                                    9                    • 

I                     X                       XX 

(            X                :                 :         X 

EX                     t                                                     XX 
t                X                     X                       XX 

;            X               I                                      XX 

1                      •                             •                              •                 • 
)                      •                             •                              •                 • 

9                                                                                                                         •                                                    •                            • 
•                                                   •                                                      •                              • 

(              X                  X                   :           X 

(d)  Grouting  Equipment. 

t            X               X                :         X 

IX 


(e)     Compressed  Air  Equitnient* 


No. 

:  Type 

,  Manufacturer   :   Capacity      : 
:               i 

Age     : 

Condition 

J 

i 

! 

! 

1         i 

] 

(f)     Pumping  Eauiment. 

i 

: 
t           : 

•  m 

•  • 

•  • 

(r)     Miscellaneous  Equipment, 

t              :             '  :        i 
:              «               : 

1 

: 

: 

1 

t 

!                     i 

1         t 

:              : 

i           : 

i         i 

5.  FLAM*  LAY-0I3T  (See  Invitation  for  Bids).  -  The  undersigned  has 
attached  herewith  the  plant  lay-out  prescribed  in  the  Invitation  for  Bids. 

6.  PROGRESS  CHARTS  (See  Invitation  for  Bids).  -  The  undersigned 
has  attached  herewith  the  progress  charts  prescribed  in  the  Invitation 
for  Bids. 

7.  It  is  hereby  warranted  that  in  the  event  award  is  made  to  the  • 
undersigned  there  will  be  used  in  the  performance  of  the  work  covered 
by  the  contract  only  such  unmanufactured  articles,  materials,  and 
supplies  as  have  been  mined  or  produced  in  the  United  States,  and  only 
such  manufactured  articles,  materials,  and  supplies  as  have  been 
manufactured  in  the  United  States  substantially  all  from  articles, 
materials,  or  supplies  mined,  produced,  or  manufactured,  as  the  case 
may  be,  in  the  United  States  except  as  noted  below  or  otherwise 
indicated  in  this  bid  or  authorized  in  the  specifications. 

8.  The  undersigned  agrees,  upon  receipt  of  written  notice  of 

the  acceptance  of  this  bid  within  days  after  the  date  of  opening 

of  the  bids,  to  execute  the  standard  form  of  Government  contract,  in 
accordance  with  the  bid  us  accepted,  and  give  performance  and  payment 
bonds,  v'ith  good  and  sufficient  surety  or  sureties,  for  the  faithful 
performance  of  the  contract,  and  for  the  protection  of  all  persons 
supplying  labor  and  materials  in  the  prosecution  of  the  work,  within 
_____  days  after  the  prescribed  forms  are  presented  for  signature. 

9.  The  undersigned  agrees  to  begin  the  v;ork  within calendar 

days  after  date  of  receipt  of  notice  to  proceed,  and  complete  it  with- 
in    calendar  days  after  date  of  receipt  of  said  notice  to  proceea. 


(Bidder) 

5y_ 


(Name  and  Title) 


(Business  Address) 


NOTE:  Read  Standard  Government  Instructions  to  Bidders  before  preparing 
this  bid* 


H 


PART  TWO 


LONG  SATJLT  DAM 


PURCHASE  SPECIFICATIONS 


a.  Structural  Steel  and  Reinforcing  Steel 

b.  Spillway  Gates 

c.  Gantry  Crane 


Appendix  111-22(2) 


N01E 

Due  to  lack  of  time  and  the  present  uncertainty 
as  to  final  construction  and  shipping  schedules 
and  the  final  contract  form  desired,  only  the 
sections  dealing  with  technical  requirements  for 
the  furnishing  of  materials  and. equipment  have 
been  included  in  each  specification.  It  is  in- 
tended that  the  general  provisions  of  the  contract^ 
in  each  case,  will  be  included  in  Section  I  which 
has  been  purposely  omitted* 
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Speoifiofttions  for  Long  Sault  Dam 

SECTION   II   -  REQUIREMENTS 

2-01.  MATERIAL  REQUIRED.  -  The  material  required  under  this  contract  con- 
sists  of  the    following   items: 

(a)  Gate   guide   towers   for  piers  No.   1   to  1/|  Inclusive   and  for   ttie 
spillway  end  of  the    south  bulkhead. 

(b)  Grillages   for    supporting  diversion  gate   dogs  for  18  diversion 
openings,    together  with^  anchor   bolts  and  pipe    corings. 

(c)  Pier  nose   armor   for   piers  No.  1   to   Ik  inclusive    and  for   the   spill- 
way end  of  the    south  bulkhead. 

(d)  Plate   girders  for   the   entire    l\0   spans  of   -the  spillway,    consisting 
of  two   crane   girders   and  two  highway  girders  for   each   span,    toge -the r  w  i th  end 
bearing  details   and  anchors. 

(e)  Angles,   plates  etc.  for  construction   and  expansion   joints  in 
spillway  bridge  deck  for  ll\.   spans,  consisting  of  7  expansion  joints  and  8  con- 
struction  joints. 

(f)  Anchor  bolts   for  Ihe  railroad  rails  from  the    south  end  of  the 
south   bulkhead  to    the   centerline   of  pier  No.   14   and  anchor  bolts  for   the   crane 
rails   from   the    south  end  of  the   crane   rails   to   the    certerline   of  pier  No.   14« 

(g)  Crane    rails   from   the    south  end  of   the    south  bulldiead   to   the   cen- 
torline   of  pier  No.   1^,    including  bearing  plates,    shims,   rail   clips,    splice 
bars   and  bolts  and  other  necessary  appurtenances. 

(h)     Ladders   and  platforms   for   the    sides  of   spillway  piers  from  the 
south  bulkhead  to  pier  No.  Ik   inclusive,    and  Ladders   for   the    south  bulkhead. 

(i)     Service   bridge    t©  be    supported  fran  the    spillway  bridge   from  the 
south  bulkhead  to  pier  No.   lk» 

(j)     Enclosure    fbr   the   crane    collector  bars,    fran   the    south  end  of  the 
collector  arm  travel  to   the   centerline   of  pier  No.  lk» 

(k)     Miscellaneous  items  of   structural    steel   including   the   gantry  crane 
stops   at  the   south  bulkhead,    temporary   and  permanent  field  erection  bolts  for 
all  items,    and  other   items  from  the    south  end  of   the    dam  to  pier  No.  14  inclu- 
sive  as   directed  by  the   contracting  officer. 

(l)     Reinforcing    steel    for    the  south  bulkhead  and  for  the  spillway  to 
and  including  pier  monolith  No.  P  14 • 

2-02.      SCHEDULE  A. 

Schedule  A  covers  the  furnishing  of  all  items  from  (a)  to  (k)  inclusive  as 
specified  in  paragraph  2-01,  and  including  all  necessary  appurtenances  such  as 
bolts,    anchors, and  pipe    sleeves. 

2-03.     SCHEDULE   E. 

Schedule  B  covers   the   furnishing  of  all   reinforcing  steel   as   specified  in 
paragraph  2-01,    item   (l). 

2-04.      COORDINATION  OP  DESIGNS. 

The  contractor   shall   coordinate   his  designs  and  detailed  drawings  with 
those   of  relater]    structures  by  means  of   drawings  or    information  furniiied  by 
the   contracting  officer.     Any  other  information  which  is  necessary   for   furniii- 
ing  the   required  materials,   and  which  i  s  at  present  lacking  in  the    drawings 
or   specifications  ,  will   be  furnished  by  the    contracting  officer  by  meai  s  of 
later   detailed  dra'-vings  or  otherwise, 
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Holes  v;hich   are    to   be    used   for    connections   of  equipment  not  furnished  by 
the    contractor    shall   be   drilled  or   reamed    to  metal   template   furnished  by   the 
contracting  officer   or  made   from  information  given  by  him;    or  drilled  or   reamed 
■with  pajrts   assembled .     All    templates    shall    be   and   remain   the   property  of    the 
Government. 
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Specifications  for  Long  Sault  Dam 

SECTION   III   -  UKIT  STRIiSSES 

3-01.      STRUCTURAL  CARBON  STEEL. 

Ihe  unit  stresses  in  structural  carbon  steel  shall  not  exceed 
those  corresponding  to  an  18,000  lb.    per  square  inch  base  as  specified  in 
the  American  Institute  of  Steel  Construction's      "Specification  for  the 
Design,  Fabrication  and  Erection  of  Structural  Steel  for  Buildings"  as  re- 
vised January   1934* 

3-02.      STRUCTURAL  SILICON  STEEL. 

The  unit  stresses  in  structural  silicon  steel  shall  not  exceed 
those  corresponding   to  a  2^,000   lb.   per  square   inch  base. 

3-03.      WELDS 

The  unit  stresses  in  welds  shall  not  exceed  the  following: 

Shear  11,300  lb.  per  sq.  in. 

Tension  I3OOO  lb.  per  sq.  in. 

Compression  (on  butt  Welds)  150OO  lb.  per  sq.  in. 
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Specifications  for  Long  Sault  Dam 

SECTION  IV  -DESIGN  LOADS 

4-01.  GATS  GUIDE  TOWERS. 

The  towers  shall  be  designed  to  withstand  the  rraximum  loading  con- 
ditions during  construction  and,  after  corpl^etion  of  the  piers,  to  transmit  the 
maximum  loads  from  the  track  rails  and  from  the  gate  dogs  to  the  pier  concrete. 
Each  permanent  gate  dog  gril]a£'e  which  is  p^rt  of  the  to'wer,  shall  be  designed 
to  support  a  load  of  1^0,000  lbs.  "it  the  dog  seat  and  to  distribute  the  result- 
ing reaction  from  the  dog  c:^sting  through  the  bearing  pad,  pivot  pin  and  support- 
ing beams  to  the  pier. 

4-02.   DIVERSION  uA^^E  DOG  SUx  rUPT  GRILLAGES. 

Each  diversion  gate  dog  grillage  shall  be  designed  to  support  a  load 
of  290,000  lbs.  at  the  dog  seat  and  to  distribute  the  resulting  r-^action  from 
the  dog  casting  through  the  bearing  pad,  pivot  pin  and  supporting  beams  t o t  he 
pier, 

4-03.  SPILLWAY  BRIDGE  GIRDERS. 

(a)  Upstream  Crane  Girders.  -The  upstream  crane  girders  shall  be 
designed  for  the  moviner  loads  from  one  four-wheel  crane  truck  with  wheels  spaced 
3'-4*-3'  01^  centers,  in  addition  to  the  dead  load  of  steel  and  concrete.  The 
static  vertical  load  per  wheel  shall  be  taken  as  100,000  lbs.  for  s'^ans  1  to  20 
inclusive  and  80,000  lbs.  for  spans  21  to  41  inclusive. 

(b)  Downstream  Crane  Girders.  -The  do-wnstream  crane  firders  shall  be 
designed  for  the  moving  loads  from  one  four-wheel  crane  truck,  with  wheels  spacei 
3*-4'-3'  on  centers,  plus  their  proportion  of  the  American  Association  of  State 
Highway  Officals'  standard  H-20  truck  loadinc  on  the  highway, plus  the  dead  load 

of  steel  and  concrete.  The  static  vertical  load  per  wheel  on  t he  cranetruck  shall 
be  taken  as  66,000  lbs.  for  all  spans. 

(c)  Railroad  Girders.  -The   railroad  girders  shall  bs  designed  for 
the  standard  E-70  train  loading,  plus  the  dead  load  of  steel  and  concrete. 

(d)  Impact.  -The  static  live  loads  from,  crane  and  railroad  on  all 
girders  shall  be  increased  25^  for  impact  allowance. 

(e)  Camber.  -All  girders  shall  be  cambered  an  amount  equal  to  the 
maximum  computed  deflection  due  to  the  dead  load  of  steel  and  concrete.  Tbe 
weight  of  concrete  for  this  purpose  shall  be  assumed  as  155  pounds  per  cubic 
foot,  with  no  allowance  for  minor  openings. 

4-04.   CRAI^TE  RAILS. 

The  crane  rails  and  anchors  shall  be  designed  for  the  m.aximum  vertical 
and  horizontal  loads  from  the  cranu  truck  wheels,  -.vith  the  crane  in  static  or 
operating  condition.  The  horizontal  loads  on  the  rail  baud  shall  be  as?umed  as 
20^  of  the  vertical  loads. 

4-05.  SERVICE  BRIDGE. 

The  service  bridge  shall  be  designed  for  a  live  load  of  100  lbs.  per 
square  foot  over  the  entire  area  plus  a  concentrated  Ivoad  of  jf^f^  lbs.  at  any 

point.  For  the  design  of  the  grating  the  500  pound  load  shall  be  assaried  as 
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distributed  over  one  square  foot. 

4-06.  GANTRY  CRANE  STOPS. 

The  gantry  crane  stops  shall  be  designed  for  a  horizontal  load  result- 
ing from  collision  of  the  loaded  gantry  crane  r^onning  at  full  speed  with  power 
off.  Seventy-five  percent  of  the  total  load  shall  be  applied  at  each  ston  at 
the  elevation  of  the  crane  bumper.  In  computing  the  horizontal  load,  the  speed 
of  the  crane  shall  be  assumed  as  reduced  from  full  speed  to  zero  within  a  dis- 
tance of  travel  equal  to  the  raaximum  movement  of  the  bumper  plunger  on  the  crane 
truck. 
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Specifications  for  Long  Sault  Dam 

SECTION  V  -  STRUCTURAL  DETAILS 

5-01.  GENERAL. 

The  guide  towers,  dog  grillages,  pier  nose  annor,  plate  gir- 
ders, and  the  construction  and  expansion  joint  details  shall  be  of 
structural  steel  shapes  and  plates.  Shop  connections  shall  in  general 
be  riveted  or  welded  and  field  connections  shall  be  riveted,  or  bolted 
as  indicated  on  the  drav;ings  or  as  approved  by  the  contracting  officer. 
Webs  of  beams  and  channels  shall  be  not  less  than  1/4  inch  thick.  All 
other  structural  material  except  fillers  shall  be  not  less  than  3/8 
inch  thick.  Except  as  otherwise  specified  or  shown  on  the  drawings, 
the  design  shall  be  in  accordance  with  the  American  Institute  of  Steel 
Constructions  "Specification  for  the  Design,  Fabrication  and  Erection 
of  Structural  Steel  for  Buildings"  as  revised  in  I936.  General  de- 
sign details  of  plate  girders  shall  be  in  accordance  with  Section  IV 
of  the  American  Railway  Engineering  Association's  "Specifications  for 
Steel  Railway  Bridges"  dated  1940* 

5-02.  GATE  GUIDE  TOWERS. 

In  general,  construction  of  the  guide  towers  shall  be  as 
shovm  on  the  Government's  drawings.  Particular  care  shal]  be  exercised 
in  the  design  that  the  required  tolerances  and  clearances  are  main- 
tained and  that  the  towers  may  be  accurately  pliombed  and  held  in  true 
position  in  the  field  while  concrete  is  being  poured  around  them. 
Shop  connections  shall  be  welded,  but  the  grillages  for  supporting  the 
gate  dogs  shall  be  riveted.  The  pin  plates  shall  be  machined  accurately 
to  the  required  bevel  and  the  holes  reamed  for  a  loose  fit  on  the  pin 
after  riveting  the  entire  grillage  assembly. 

5-03.   DIVERSION  GATE  DOG  SUPPORT  GBILLAGB. 

The  grillages  shall  consist  of  rolled  sections  and  plates 
held  in  position  by  anchor  bolts.  The  pipe  casings  for  the  push  rods 
shall  be  of  sufficient  size  to  allow  a  free  movement  of  the  push  rod. 
The  pin  plates  shall  be  riveted  to  the  grillage  beams  and  the  pin  holes 
shall  be  accurately  reamed  for  a  loose  fit  on  the  pins  after  riveting 
the  entire  assembly.  Provision  shall  be  made  in  the  design  to  permit 
placing  and  removing  the  dogs  and  operating  rods  after  the  concrete  is 
poured.  Anchor  bolts  and  details  shall  be  of  sufficient  size  to  trans- 
mit the  reaction  at  the  end  of  the  grillage  to  the  pier  concrete. 

5-04.   SPILLWAY  BRIDGE  GIRDERS. 

Plate  girders  shall  be  of  the  single  web  type  and  shall  be 
proportioned  by  the  moment  of  inertia  of  the  net  section.  All  girders 
shall  be  completely  shop-fabricated  by  riveting  and  shipped  in  one  piece 
except  for  end  bearings.  The  girders  shall  be  cambered  for  dead  load 
deflection  as  specified  in  Para.  4-03  (e), 

5-05.   CRANE  RAILS. 

The  rails  shall  be  Lorain  crane  rails.  Section  No.  175-^18, 
and  shall  be  furnished  complete  vith  bearing  plates,  anchor  bolts, 
splice  bars,  clips  and  other  necessary  fitting^.  The  rails  shall  be 
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accurately  formed  to  the  required  curvature. 

5-06.  SERVICE. BRIDGE. 

The  service  bridge  shall  consist  of  channel  stringers  and  channel 
spacers  supported  from  the  concrete  of  the  spillv^ay  bridge  by  angle 
hangers.  The  floor  shall  be  grating  and  the  lailing  ohall  be  of  angles. 
Field  connections  shall  be  so  arranged  that  the  shipping  pieces  may  be 
easily  handled  and  erected. 

5-07.  GANTRY  CRANE  STOPS. 

The  crane  stops  shall  be  of  structural  steel  framing  T<ith  a  steel 
striking  plate  for  the  crane  bimiper.  Two  permanent  stops  are  to  be  placed 
at  the  south  abutment  of  the  dam,  one  at  the  south  end  of  each  rail  df  the 
crane  runway.  The  framing  shall  be  designed  to  transmit  the  load  specified 
in  paragraph  i|-06  from  the  striking  plate  to  the  bulkhead  concrete.  It 
is  intended  that  the  steel  framing  of  the  permanent  crane  stops  will  be 
encased  in  concrete.  Two  temporary  stops  are  to  be  placed  near  the  center 
line  of  pier  No.  14.  one  at  the  temporary  end  of  each  rail  of  the  crane 
runway.  These  stops  shall  be  removable,  and  suitable  for  future  encased 
permanent  stops  at  the  permanent  north  end  of  the  runway, 

5-08.  EXPANSION  AND  CONSTRUCTION  JOINT  STEEL. 

Expansion  joint  steel  shall  consist  of  curb  angles,  with  wslded 
strap  anchors,  supporting  heavy  sliding  cover  plates  with  interlocking 
teeth  on  the  roadway  portion  of  the  bridge  and  plates  with  beveled  edges 
on  the  sidewalk  portion.  Construction  joint  steel  shall  consist  of  curb 
angles,  v.ith  welded  strap  anchors,  separated  at  the  bottom  by  a  bar  welded 
on  the  angle  on  one  side  of  the  joint  to  provide  a  slot  for  filling  with 
expansion  joint  material. 

5-09.  LADDERS  AND  PLATFORMS. 

Ladders  and  platforms  shall  be  provided  at  all  locations  shown 
on  the  drawings  or  required  by  the  design.  Ladders  shall  be  not  less 
than  14  inches  wide,  with  one  inch  diameter  rungs  spaced  12  inches  on 
centers  between  2i  inch  by  3/8  inch  side  bars.  The  rungs  shall  be  in- 
serted 1/4  inch  in  punched  holes  in  the  side  bars  and  welded  on  both 
sides  of  the  side  bars.  The  ladders  shall  be  equipped  with  circular 
safety  guards  of  adequate  design  v;here  indicated  on  the  drawings.  The 
platforms  shall  consist  of  steel  channels  with  grating  floor,  and  shall 
be  provided  with  steel  anigle  railing, 

5-10.  NICHE  FILL  ANCHORS.  -  These  anchors  shall  consist  of  two  sets 
of  3/4"  plain  round  bars,  threaded  on  one  end  and  hooked  on  the  other  end, 
together  with  threaded  couplings,  one  for  each  pair  of  bars.  One  set  of 
bars  v.ith  couplings  attached  are  to  be  embedded  in  the  pier  concrete  with 
couplings  flush  with  the  surface.  Before  the  niche  filler  is  placed,  the 
second  set  of  bars  v.ill  be  attached  to  the  couplings  to  act  as  reinforce- 
ment for  the  niche  fill  concrete. 

5-11 •  RAIL  ANCHORS.  -  Anchors  for  the  railroad  rails  shall  consist 
of  rods  threaded  at  one  end  and  hooked  at  the  other  end  for  embedment  in 
the  concrete.  A  bearing  plate  for  the  rail  shall  be  provided  for  each 
pair  of  bolts.  Details  of  the  anchors  shall  be  suitable  for  use  with  a 
rail  of  a  weight  not  less  than  90  pounds  per  yard.  Information  as  to  the 


exact  size  of  rail  will  be  furnished  by  the  contracting  officer. 

5-12.   COLLECTOR  BARS  ENCLOSURE.  -  The  enclosure  for  the  collector 
bars  shall  consist  of  plates  and  angles  welded  together,  welded-on  strap 
anchors,  and  a  removable  steel  plate  cover  attached  v:ith  bronze  screv/s. 
Provision  shall  be  made  for  connection  of  the  supports  for  the  current 
conductors,  and  the  design  shall  be  such  as  to  pennit  removal  and  re- 
placement of  the  supports  after  the  enclosure  is  embedded  in  the  con- 
crete. Shipment  shall  be  made  in  sections  not  to  exceed  about  tv/enty 
feet  in  length. 

5-13 •  PIEP  NOSE  AliMOP.  -  Pier  nose  armor  shall  consist  of  heavy 
steel  angles  with  strap  anchors  welded  on.  At  the  south  bulkhead  the 
armor  shall  be  of  heavy  plate  bent  to  the  shape  of  the  bulkhead  corner 
and  with  strap  anchors  welded  on. 
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Specifications  for  Long  Seult  Dam 

SECTION  71  -  FABRICATION  OF  STRUCTURAL  STEEL 

6-01.  GENERAL.  -  Fabrication  of  structural  steel  shall  be  in  acoordaaoe 
with  Section  23  of  the  •Specification  for  the  Design,  Fabrication  and 
Ejection  of  structural  steel  for  Buildings"  as  adopted  by  the  American 
Institute  of  Steel  Construction  and  revised  in  193^1  except  as  may  be 
otherwise  noted  in  these  specifications.  Fabrication  of  plate  girders 
shall  be  in  accordance  with  Section  V  of  the  Acoerican  Railway  ■'Engineering 
Association's  "Specifications  for  Steel  Railway  Bridges*  dated  1940- 

6-02.   WELDING. 

(a)  General .   -  All  welding  except  as  otherwise  specified  shall 
be  done   in  accordance  with  the  applicable   current  Codes,  Specifications, 
and  Recommended  Practices  of  the  American  Welding  Society. 

Parts  to  be  welded  shall  be  rigidly  held  bj    sufficient  clamps  or 
other  adequate  means  to  keep   the   parts   in  close  contact  and   in  accurate 
position.     Adequate  precautions  shall   be   taken  to  minimize   locked-up  stresses 
and  distortion  due  to  heat. 

Fillet  welds  in  sizes  up  to  1/4   inch  shall  be  made   in  one  pass,   and 
larger  welds  shall  be  made   in  two  or  more   passes.     Successive  beads  or  layers 
snail  be  uniform  in  thickness. 

Each  layer  of  weld  metal  shall   be  thoroughly  cleaned   before   subsequent 
layers     are  deposited.     Upon  completion,   each  weld  shall  be  tnoroughly 
cleaned  and  brushed  with  wire  brushes,   and  extraneous  nodules  of  weld  metal 
shall  be  removed   by  chipping. 

Wherever  there   is  danger   of   the  assembled  structure  or  member   becoming 
warped  or  distorted  by  localized  welding  stresses,    the  -welds  shall  be  tho- 
roughly peened  with  a  pneumatic   tool  to  relieve  such  stresses. 

All  welds  shall  be   free   from  unsound  mettil,   cracks,    overlap,   ani   feather 
edges  ,    J^inor   imperfections   in  welds  may  be  chipped  out  and  the  defect   re- 
weldea,    subject   to  approval.      Distortions  due   to  welding  or  stress-relieving 
shall  be  corrected  by  pressing  and  not  by  blows. 

Welding  shall  be   done   only  by  welders  properly  qualified   in  the  work 
of  the   actual  process  employed.     The  contractor  shall  assign  to  each  welder 
an  identifying  number,    letter  or  symbol  which  shall   be  stamped  in  the  natal 
adjacent   to  and  at   intervals  of  not  more   than  three  feet  along  all  welds 
which  he  makes. 

(b)  Qjualification  of  Welders.    -   Before  beginning  the  production 
of  welded  work,    the  contractor  shall  furnish  to  the  contracting  officer 
satisfactory  evidence,    in  the   form  of  a  oertif icate'by  a  recognized   testing 
agency  or  by  actual  demonstration,    that   each  welder  to   be  employed  on  the 
work  of  this  contract  has  within  one  year  of   the  date  of  this  contract   sa- 
tisfactorily performed   the  qualification  tests  prescribed   by  the   American 
Welding  Society  in  its   "Code  for  Fusion  Welling  and  Gas  Cutting  in  Building 
Construction"    (Latest  Edition),    using  the  detaileJ  preceiure   to  be  followed 
in  actual  production  under  this  contract. 

The  contractor  shall  require  any  welder   to  repeat  these   tests  when  in 
the  opinion,  of   the   contracting  officer  the  work  indicates   a  reasonable  doubt 
of  the  w«ld*rs  effioienoy. 
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6-03.      'VCRK^.-ATSj^IP.    -   All  worlcTiansaip   shall   be   first   class   and   shall 
be   Jjaa   b^/  workinen  skilled    in  their  various   trades.      Tolerances,    fits,   and 
finish  shall  conform  to   the   best  modern  shop  practice   in  the  iranufactur* 
of  finished  products  of  a  nature   similar  to  those   covered  by  these  s pecifi- 
ccitions.      Particular  care  stiall   be   taken  that   the   surfaces  on  the  guide 
to'.vers   to   --hich  the  gate   track  rails   are   to  be  fastened   are  truly  plane 
after   the    tov>ers   are   completely  fabricated. 

6-04.     PaiiPA^UTION  ?or<  :SiilJ?,\i2.NT .   -  The   contractor  shall  prepare  all 
materials   and  articles  for  shipment    in  such  manner  as   to  facilitate 
handling  and   to  protect   them  from  damage    in  transit;    and  sh.ll   be   respon- 
sible for  and   sh-ll   Oitike  good   any  and   all  daiiiage    3ue   to   iiUp-f'Oper  preparation 
and   loading  for  shipnient.      All   txireads  and  finished  surfaces   shall    be 
protected  as  specified   in  Section   /III.     All  small  parts  snail  be  contained 
in  properly  marked   boxes  and  each  box  shall  contain  a   list  showing  tae 
cOiitents.      "Sach  shipping  piece   shall   be  marked    in  accordance   with  approved 
assei:.bly  drawings.     Marks  shall   be    legible  and  so  placed  as  to  be   visible 
wn^D   the   piece    is  being  erected.     'Cach  piece   weighing  more   than  one    tor, 
shall  uave   its  approximate   weight  marked  on   it. 
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Speoif Icdtlons  for  Long  Sault  Dam 

SECTION  VII  -  MATERIALS 
7-01.   GENE31AL. 

(a)  Materials.  -  All  materials  shall  be  of  new  unused  stock,  free 
from  defects.   Substitution  of  size  of  sections  and  materials  from  that 
shown  on  the  drawings  or  required  in  the  specifications  shall  not  be  made 
except  on  written  approval  of  the  contracting  officer  and  provided  that  the 
cost  to  the  Government  shall  not  be  increased  thereby. 

Materials  indicated  on  the  drawings  or  required  in  the  work  and 
not  covered  elsewhere  in  these  specifications  by  detailed  requirements, 
shall  conform  to  the  requirements  of  this  section. 

Any  materials  required  which  are  not  covered  by  detailed  specific- 
ations herein  or  elsewhere  in  the  specifications  shall  conform  to  the 
applicable  Federal  Specifications,  grade  i.nd/or  class  as  required  or,  In 
case  where  there  are  no  applicable  Federal  Specifications,  to  applicable 
Specifications  of  the  American  Society  for  Testing  Materials  (A.S.T.M. ). 
In  all  other  cases  not  specifically  covered  in  these  specifications  the 
contractor  shall  furnish  the  highest  grade  commercial  material  or  product. 

(b)  Inspection,  Acceptance  and  Re.jection  of  Materials.  -  All  materials 
shall  be  subject  at  all  times  to  inspection  by  the  contracting  officer  who  will 
select  such  samples  in  such  quantities  as  he  may  deem  necessary  and  subject 

the  same  to  such  tests  as  may  be  necessary  to  determine  their  qualities  as 
herein  specified,  and  he  will  accept  or  reject  materials  in  accordance  with 
the  results  of  such  tests.   Tests  may  be  repeated  upon  arrival  of  the  various 
shipments  at  the  site  of  the  work  as  may  be  necessary  to  insure  the  acceptance 
of  only  such  materials  as  will  comply  with  the  provisions  of  the  plans  and 
specifications. 

(c)  Test  Spec  linens.  -  Special  test  specimens  shall  be  furnished 

by  the  contractor  on  request;  and  shall  be  of  such  shape  and  number  as  designated; 
and  shall  in  general  conform  to  Federal  Specifications  or  the  specifications 
of  the  American  Society  for  Testing  ikterials  as  to  shape,  size,  and  method 
of  testing. 

(d)  Mill  test  reports.  -  Mill  test  reports  certified  to  by  qualified 
technicians  shall  be  furnished  when  required  for  all  material  entering  into 
this  work  and  will,  in  general,  be  the  basis  of  acceptance  or  rejection  of 

the  materials.   The  contracting  officer  may  however,  require  of  the  oontr'xctor 
special  chemioal  or  physical  tests  on  any  part  of  the  material  if  in  his 
opinion  the  conditions  justify  such  a  check. 

(e)  Federal  Specifications.  -  Copies  of  Federal  Specifications 
referred  to  herein  may  be  procured  from  the  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  D.  C,  at  a,  price  of  five  or  ten 

cents  each.   When  the  term:   "Federal  Specifications"  or  "A.S.T.M.  Specifications" 
Is  cited,  the  reference  shall  be  construed  to  mean  the  specifications  as 
modified  by  an  amendments  promulgated  before  the  date  of  opening  bids  for 
the  contract. 

7-02.   STRUCTURAL  CARBON  ST5EL.  -  Structural  carbon  steel  shall  conform 
to  Federal  Specification  Ci'4-S-711a  for  "Steel,  Structural;  (for)  Bridges", 
Class  A.   Surface  imperfections  shall  be  remedied  by  arc-welding  and  according 
to  Governinent  practice.   The  chemioal  properties  of  the  steel  shall  be  such 
as  to  permit  It  to  be  readily  welded  by  this  process. 

7-03.   RIVGT  STESL.  -  Rivet  Steel  shall  conform  to  Federal  Specification 
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^Q,-3-711a   for    "Steel,    Structural;    (for)    Bridges",    Class   C. 

7-04.      STRUCTURAL  SILICON   STEEL.      -   Structural    silicon   steel  shall 
oonforii  to    the   stindird  Specification  of   the  American  Society  for   Testing 
Materials   for   "Structural   Silicon  Steel",    Designation  A   94-39. 

7-05.      CORROSION-RESISTING   STEEL.    -  Corrosion-resisting   steel    for 
seal   guides    shall   conform   to    the   Standard  Specif icdition  of   the  American 
Society   for   Testing  ivlateriils    for   "Corrosion-Resisting  Chroiniam  Steel  Sheet, 
Strip  and   Plate",    Designitlon  AI76-39,    Grxde   2    (Type  4lO),    and  shall  be 
oold-rolled   or   cold-drj.wn,    pickled   finish,    ±nd  have   Brinell   hardness   of 
220   to   260. 

Corrosion-resisting  steel   for  bolts,    studs   and  nuts    shall   conform 
to  Federal  Specif ica.tion  Q,'i-S~7(>3   for    "Steel,    Corrosion-Resisting;    Bars   and 
Forgings",    Grade   6,    with   sulphur  content  of  C. 13-0.35   percent  with   phosphorus 
0.04   percent   (maximum);    and   shall   be   f ree-aiachining  and   suitable   for 
threading  and   upsetting. 

7-06.      BOLTS   AND  NUTS. 

(a)  Unless   otherwise   specified  or   called   for   on   the   drawings,    the 
material    for  bolts   and   nuts   shall    conform  to    the   Standard  Specification  of 
the  A.S.T.M.    for    "Commercial   ^iuality  Hot  Rolled   Bar  Steels",    Designation 

A   107-40,    Grades   22,    23,    24,    or  25. 

(b)  The  material    for    bronze   bolts   and  nuts   shall   conform  to 
Federal   Specif ioatlon  QQ-B-636  for    "Brass,    Naval;    Bars,    Plates,   Rods,    Shapes, 
Sheets,    and   Strips",    Type    I,    half  hard. 

(c)  The  material    for  bolts    and   nuts   of   "high   strength  steel" 
shall    conform   to   the   Tentative  Specification  of    the  A.S.T.M.    for   "Alloy-Steel 
Forgings    for   General    Industrial   Use",    Designation  A  237-40T«   Class   D. 

7-07.      ST^EL  RAILS.    -     The   crane   track:  rails    shall   be  new,    175   pound, 
section   175-418,    and   shall   confor«  to   the  Standard   Specif ioations  of    the 
American  Society  for   Testing  Materials   for    "Open-Hearth  Steel    Girder  Rails 
of  Plain,    Grooved,    and   Guard   Types",    Designation  A2-27,    Class  A,    No.    1. 
The   rails   shall   be  heat-treated  throughout  their   length  and  oross   section 
by  heating  uniformly  to  above   the   critical    temperature,    quenching  and 
tempering  to   produce   a  Brinell   hardness   of  320   to  350*      All   heating,    quenching 
and   tempering  shall    be   done   with   equipment  which  will   accommodate   the   entire 
length  of  each   piece.      After   heat-treatment,    the   rails   shall    be   smooth  on 
the   head  and   the   required  curvature   of   the   rail   axis   maintained. 

7-08.      SPLICE  BARS.    -  All   splice   bars   shall    be  new  and   shall    conform 
to    the   Standard   Specification  of   the  American  Society   for   Testing  Materials 
for    "Low-Carbon-Steel   Joint  Bars",    Designation  A  3-33. 

7-09.      RML  CLIPS.    -  Rail   clips   shall   be   either   structural    steel,    forged 
steel   or   cast   steel,    in  accordance  with   the   standard   practice   of  the  contractor. 

7-10.      FLOOR   GRATIMG.    -   Floor   Grating  shall   conform   to  Federal   Specifications 
RR-G-66la   for    "Grating,    Steel,    floor    (Except   for   Naval   Vessels)",    Type    I  with 
welded  cross  members   and   of   dimensions    as   shovvn  on  drawings. 

7-11.      'VULD.RODS   AND  DEPOSITED  'HKLD  METAL.    -  Weld  rods   shall   be  of  the 
heavily-coated   type.      Electrodes    for  welding  stainless   steel    to   structural 
steel    or   component   parts   of   stainless   steel   shall   be  heavily  coated  stainless 
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steel  wire,  American  Iron  and  Steel  Institute,  type  309.  Deposited  weld 
metal  shall  have  a  co, rosion  resistance  at  least  equal  to  that  of  mild  steel. 
The  ultimate  strength  of  the  metal  shall  be  not  less  than  6o,000  pounds  per 
square  inch  and  the  elongation  in  2  inches  not  less  than  20  percent, 

7-12.   REINFORCING  STEEL;  CONCRETE.  -  Reinforcing  steel  shal]  conform  to 
Federal  Specification  QQ-B-71a  for  "Bars;  Reinforcement,  (for)  concrete".  Type 
B.  Straight  bars  shall  be  Grade  2  (Intermediate,  Billet  Steel),  Grade  4  (Hard, 
Billet  Steel)  or  Grade  5  (Hard,  Rail  Steel).  All  bent  bars  shall  be  of  Grade 
2  (Intermediate,  Billet  Steel)  or  Grade  3  (Intermediate,  Car  Axel  Steel). 
The  steel  shall  be  properly  identified  as  to  grade. 
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^ecifications  for  Long  Sault  Dam 

SECTION  VIII  -  PAIOTS  AMD  PAn?mG 

8-01.   GENERAL.  -  All  paint,  when  applied,  shall  provide  a  satisfactory 
film  and  a  anooth  even  surface,  and  undercoats  shall  dry  without  excessive 
gloss,  suitable  for  the  proper  application  and  ahesion  of  subsequent  coats, 
as  approved  by  the  contracting  officer.   Where  necessary,  in  the  opinion  of 
the  inspector,  to  suit  the  conditions  of  surface,  temperature,  and  weather 
existing  at  the  particular  time  of  application,  the  packaged  paint  may  be 
thinned  by  the  addition  of  not  more  than  one  pint  of  the  proper  thinner  im- 
mediately prior  to  application,  provided  that  in  no  case  shall  the  viscosity 
of  the  paint  be  reduced  to  a  point  where  the  specified  maximum  coverages  will 
be  exceeded. 

8-02.   SURFACE  CLEANING  AND  PREPARATION. 

(a)  Cleaning.  -  All  ferrous  surfaces  to  be  painted  shall  be  thor- 
oughly cleaned  of  all  loose  millscale,  rust,  dirt,  and  other  foreign  sub- 
stances to  base  metal  by  sandblasting,  flame  cleaning,  or  any  tother  method 
approved  by  the  contracting  officer. 

(b)  Protection  of  Surfaces.  -  Care  shall  be  taken  to  adequately 
protect  all  machinery  parts,  threads,  and  finished  surfaces  durin^^'  cleaning 
and  preparation. 

8-03.   PAINT  APPLICATION. 

(a)  All  painting  shall  be  done  in  a  neat,  thorough,  and  workman- 
like manner.  Except  where  otherwise  specified  or  specifically  directed,  all 
paint  coats  shall  be  applied  by  either  brush  or  spray  in  such  manner  as  to  pro- 
duce an  even  coating  of  uniform  thickness  completely  coating  all  corners  and 
crevices.   All  painting  shall  be  done  by  thoroughly  experienced  workmen. 

Care  shall  be  exercised  during  spraying  to  hold  the  nozzle  sufficiently  close 
to  the  surfaces  being  painted  to  avoid  excessive  evaporation  of  the  volatile 
constituents  and  loss  of  material  inl   the  air.  Paint  shall  be  applied  only 
to  surfaces  that  are  THOROUGHLY  dry  and  only  under  such  combination  of  humid- 
ity and  temperatures  of  the  atmosphere  and  surfaces  to  be  painted  as  will 
cause  evaporation  rather  than  condensation,   (A  practical  test  is  to  wipe  a 
damp  cloth  on  the  surface  to  be  painted.   If  the  moist  streak  dried  promptly, 
conditions  conducive  to  evaporation  prevail.)  In  no  cases  shall  any  paint  be 
applied  to  surfaces  upon  which  there  is  frost  or  moisture  condensation,  or 
during  rainy  or  misty  weather,  without  suitable  protection  as  approved  by  the 
contracting  officer.  Painting  during  unfavorable  weather  couditiorG  ^hall  be 
carried  on  in  a  heated  building.  While  any  painting  is  being  done',  the  tem- 
perature of  the  surfaces  to  be  painted  and  of  the  atmosphere  in  contact  there- 
with shall  be  maintained  at  or  above  50  degrees  F.   All  paint  when  applied 
shall  be  approximately  (within  fifteen  degrees  of)  the  same  temperature  as 
that  of  the  surface  on  which  it  is  applied.  Where  protection  is  provided  for 
paint  surfaces,  such  protection  shall  be  preserved  in  place  until  the  pain.t 
film  has  properly  dried  and  removal  of  the  protection  is  authorized  by  the 
contracting  officer,   r.ibvable  parts,  hardware,  and  other  surfaces  not  required 
to  be  painted  shall  be  cleaned  to  the  satisfaction  of  the  contracting  officer. 

(b)  Coverage.  -  The  surface  area  covered  per  gallon  of  paint  spec- 
ified diall  te  not  greater  than  423  square  feet  per  gallon, 

8-1 


8-04.  PRUm^G  COATS. 

(a)  Unpainted  Surfaces>  -  The  surfaces  of  all  ferrous  metal  work 
to  be  embedded  (except  as  noted  in  (e)),  non-ferrous  metal-coated  surfaces, 
machined  surfaces,  surfaces  requiring  welding,  and  surfaces  which  ':7ill  be  in 
riveted  contact  shall  not  be  painted.  All  other  exposed  ferrous  surfaces, 
unless  otherwise  specified  shall  receive  one  priming  coat  of  Synthetic  Red 
Lead  Primer. 

(b)  Structural  Parts  shall  receive  one  shop  priming  coat* 

(c)  Machined  Surfaces  shall,  immediately  after  final  inspection, 
be  thoroughly  cleaned  of  all  foreign  matter  and  coated  with  a  heavy  film  of 
Rust  Preventive  Compound,  U.  S.  Army  Specification  2-84A. 

(d)  Screw  Threads  shall  be  protected  by  a  coating  of  heavy  oil. 

(e)  Gantry  and  Railroad  Girders  shall  receive  one  shop  priming 
coat  of  Synthetic  Red  Lead  Paint. 

8-05.   PAINTS  AND  PAUTT  FOR.!ULAE. 

(a)  General.  -  Paints  shall  have  the  composition  as  indicated  be- 
low or  as  otherwise  approved  by  the  contracting  officer.  All  paints  shall 
be  guaranteed  by  the  manufacturer  not  to  gel,  liver  or  thicken  deleteriously 
or  form  gas  in  a  closed  container  within  a  period  of  one  year  from  date  of 
manufacture ► 

(b)  Processing  of  Paints. 

(1)  Except  where  otherwise  specified  or  authorized,  all  paint 
shall  be  made  by  g?:inding  together  dry  or  paste  pigments  and  a  liquid  vehicle 
to  form  a  smooth  paint  that  will  flow  freely  and  will  not  settle  or  react 
deleteriously  in  containers. 

(2)  Grinding  shall  produce  a  fineness  such  that  coarse  part- 
icles and  skins  will  not  exceed  l._5  percent  (total  residue  left  on  No.  325 
mesh  screen,  based  on  pigment).  The  grinding  shall  be  done  in  a  roll  or 
pebble  mill  at  temperatures  that  will  not  cause  polymerization. 

(3)  Skinning  shall  be  negligible  after  exposing  6  ounces  of 
paint  in  a  tightly  closed  8  ounce  glass  container  to  sunlight  for  a  total 
time  of  24  hours. 

(4)  The  resulting  paint  shall  have  satisfactory  brushing  and 
leveling  properties,  shall  set  to  touch  in  not  less  than  one  hour  nor  more 
than  four  hours,  unless  otherwise  specified,  and  shall  provide  a  satisfactory 
film  and  a  smooth  even  surface  without  undue  gloss,  suitable  for  proper  appli- 
cation and  adhesion  of  subsequent  paint  coats,  as  approved  by  the  contracting 
officer.  Sufficient  suitable  driers  shall  be  added  to  make  the  paint  dry 
hard  within  18  hours. 

(5)  In  view  of  potential  variations  resulting  from  variable 
processing  equipment  and  technique,  the  manufacturer  may  be  allowed,  where 
necessary  to  produce  the  specified  viscosities,  to  make  slight  changes  in 
formula  proportions,  subject  to  specific  approval  of  the  contracting  officer. 

(c)  Synthetic  Red  Lead  Primer,  to  be  used  under  all  gray  enamel  fin- 
ish  coats  shall  be  composed  of  materials  conforming,  where  applicable,  to  the 
specified  requirements  and  shall  be  mixed  in  proportions  as  follows: 

Red  Lead 16.5.5?  by  weight 

Iron  Oxide 38.2% 

Zinc  Yellow 5,5% 

Diatomaceous  Silica ^  S,0% 

Vehicle(see  Par.  8-0O  — 28.0jJ 
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Synthetic  Red  Lead  Primer,  (Cont'd) 

Thinner 5»3'^ 

The  paint  shall  have  a  consistency  of  flow  of  between  25  and  40  seconds 
through  the  O.l^  inch  diameter  orifice  of  a  standard  consistency  cup  v/hen 
tested  in  accordance  with  the  procedure  specified  in  paragraphs  9  and  10 
of  A.S.T.M. ,  Specification  D  333*37  for  "Methods  of  Testing  Nitrocellulose 
Clear  I^cquei^s  and  Lacquer  Ena-iels".   It  shall  have  satisfactory  brushing 
and  leveling  properties,  shall  set  to  light  touch  in  net  less  than  2  hours 
not  more  than  3  hours,  and  shall  dr>  hard  for  recoating  in  not  more  than 
13  hours,  when  tested  in  accordance  with  paragraph  I>-2d  of  Federal  Specifi- 
cation TT-V-8la,  entitled  •Varnish;  r.ti-xing  (for)  Al'ominum  Faint",  The  ve- 
hicle shall  be  a  synthetic  resin  varnish  consisting  of  a  phenol  formaldehyde 
resin  with  the  necessary  oils  and  volatile  thinners  to  prc-iuce  elasticity, 
waterproofness,  adherence,  and  durability  in  the  finished  paint  film.   It 
shall  meet  the  detailed  requirements  of  paragraph  8-06. 

8-06.  PHENOLIC  RESIN  VARITISH  ^^HICLE  shall  conform  to  the  following 
requirement st 

(a)  Oil-resin  ratio  shall  be  ^^   gallons  of  oil  to  100  pounds  of 
resin. 

(b)  Shall  be  clear  and  transparent  and  entirely  free  from  resin, 
estergum  or  other  non-phenolic  resisn.   Not  less  than  50  percent  by  weight 
of  the  vehicle  shall  consist  of  non-volatile  oil  and  rosin. 

(c)  The  resin  content  shall  be  100  percent  pai-e-phenyl  phenol- 
formaldehyde  condensate  similar  and  equal  to  Hakelite  BF  2Sk»   an3  shall  con- 
form to  the  current  U.  S.  Navy  Department  Specification  52P10  entitled  "Pesiu 
Phenol-Formaldehyde", 

(d)  The  volatile  thinner  shall  contain  not  more  than  30  percent 
mineral  spirits  and  not  less  than  20  percent  high  flash  coat  tar  naphtha  or 
high  flash  hydrogenated  petroleum  naphtha  and  shall  b"  free  from  toxic  hydro- 
carbons such  as  benzol, 

(e)  The  oil  content  shall  be  a  ternary  oil  mixture  composed  of  k^% 
linseed,  30^  liquid  oiticica,  and  30^  "dehydr-^ted"  castor  oil. 

(f)  The  flash  point  shall  be  not  b^elo?;  ^C   degrees  C.  in  a  closed 
cup  tester. 

(g)  Shall  pass  a  Kauri  Reduction  Test  of  120  percent,  using  the 
method  described  in  paragraph  F-2g,  Federal  Specification  TT-V-°1,  for  "Var- 
nish; 'Tixing  (for)  Aluminum  Paint"* 

'h)   Shall  show  no  skinning  after  43  hcurs  in  c  3/4  filled,  tight 
container. 

'i)  Flow-cut  films  on  tiu  plate  panels  dried  72  houis  shall  *»ith- 
stand  immersion  in  cold  ,.r;:;Gr  for  9^  houi'S,  and  in  distilled  -.val-ai-  at  200 
degrees  F.  for  7  hours  v;ithcut  shov.in^  more  than  a  slight  .haz^-  v/hich  shall 
disappear  within  one  hour",  and  shal]  show  no  otliei-  sig/.s  of  deterioration. 
The  panel  shall  be  allo;7ed  to  dry  auc  cool  for  Ij  minuted  after  removal  from 
hot  water  and  shall  then  be  inspected  for  signs  of  failure. 

S-07.   PIGIffilTS. 

(a)   Carbon  Black  shall  conform  to  either  Federal  Specification 

TT-B-601  entitled  "Eoneblack;  T?ry,  Paste-in-Japan,  Paste-in-Oil"  or  Federal 

Specification  TT-I^71  entitled  "Lampblack;  Dry,  Paste-in-Japan,  Paste-in- 
Oil", 
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(b)  Lead  Titanate  shall  be  similar  and  equal  to  Titanox  "L" 
as  manufactured  by  the  Titanium  pigment  Corporation. 

(c)  Red  Lead  shall  conform  to  Fede.  al  Specification  TT-R-191a 
(97)  percent  Grade  for  "Red  Lead;  Dry  and  Paste-in-Oil". 

(d)  Iron  Oxide  shall  contain  not  less  than  93  percent  Fe20o  and 
shall  not  contain  any  organic  coloring  matter. 

(e)  Diatomaceous  Silica  shall  be  an  approved  commercial  grade. 

(f)  Zinc  Yellow  shall  contain  not  less  than  40  percent  CrOo. 
It  shall  be  a  basic  zinc  potassium  chromate,  soluble  in  acetif  acid,  free 
from  lead  compounds,  and  containing  no  added  zinc  oxide,  and  shall  be  stable 
or  non  reactive  with  the  pigments  and  vehicles  specified. 

(g)  Titanium  Dioxide  shall  be  similar  and  equal  to  either 
•Ti-Pure  0*  as  manufactured  by  Krebs  Pigment  &  Color  Corporation  or  "Titanox 
NO*  as  manufactured  by  the  Titanium  Pigment  Corporation. 

8-08.  THII'INERS  AND  SOLVKTTS. 

(a)  J.tineral  Spirits  shall  have  the  following  properties: 

(Jravity- 43~47  degrees  Baume 

Flash  point  (Closed  cup)  --------  100  degrees  F.  Tv!in. 

Initial  Boiling  Point-  ---  —  ---_  300-3IO  degrees  F. 

End  Point-  -----------  —  --  403  degrees  F.  ?.fex. 

A.S.T.M.  Copper  Strip  Test  -------  Negative 

Solvency  (Eauri-Eutanol)  -  -  -  -  4I  cc  (a)  77  degrees 

F.  T^in. 

(b)  Dipentine  shall  have  the  following  properties: 

Hfeximum    T^nimum 
Specific  Gravity  at  15 '5 

degrees  C.  O.854      O.845 

Refractive  Index  at  20 

degrees  C.  1.477      1.472 

Unpolymerized  Residue  (percent 

(38N  H2S02^)  2.5 

A.S.T.M.  Distillation  Range: 

3%  Distilling  at--------  -I73  decrees  C. 

10^  Distilling  at--------  -175  degrees  C. 

97^  Distilling  at —  -188  degrees  C. 

Color-Lovibond  50O  Amber-  -  -  —  -  3 
Appearance;  Clear  and  free  from  suspended  matter. 

(c)  Toluol  shall  conform  to  U.  S.  Navy  Pc^partment  Specification 
52T7   entitled  "Toluene  <Toluol)*,  except  that  it  shall  have  a  solvency  (Kauri- 
Butanol  ^thod)  of  not  less  than  100  cc  at  77  degrees  F. 

(d)  Xylol  shall  conform  to  A.S.T.TI.  Specification  D364-36  for 
•Industrial  Xylene  (Xylol)  or  'Solvent  Naphtha »»,  except  that  it  shall  have 
a  solvency  (I^uri-Eutanol  I.fethod)  of  not  less  than  93  cc.  at  77  degrees  F» 

(e)  Normal  Butyl  Alcohol  (Eutanol)  shall  conform  to  A.S.T.W. 
:^ecification  D304-33  for  "Butanol  (Normal  Butyl  Alcohol)". 

(f)  Ethylene  Glycol  ?fenoethyl  Ether  shall  conform  to  A.S.T»M. 

Specification  D33I-35  for  "Ethylene  Glycol  Mbnoethyl  Ether." 
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3-09.   :iISC2LLAriS0US  laTKPI/lLS. 

(a)  Oil,  Linseed  shall  conform  to  Federal  Specification  JJJ-0-331 
for  "Oil;  Linseed,  Boiled",  or  JJJ-O-336.  for  "Oil;  IJLnseed,  Raw",  as  speci- 
fied or  required. 

(b)  Insulating  Varnish,  U.  S.  Navy  Department  Specification 
52-V-13ti,  entitled  "Varnish;  Insulating,  (foi)  Electrical  Purposes". 

(c)  Creosote  Paint  for  surface  treatment  of  timber  shall  conform 
to  Federal  Specification  TT-.-T-^^la,  entitled  "V/ood -Preservative;  Cr30Sote 
(for)  5rush  and  Spray  Treatment". 

(d)  Ortho-Phosphoiic  Acid  (H^PQi  ) ,  shall  be  commercially  pure 
product,  in  liquid  form,  containing  not  less  than  75  percent  HoPOj.. 

(e)  Sodium  Dichromate,  (ria2Cr20Y.2E20)  shall  bs  a  conmercially 
pure  product  in  crystalline  form  containing  not  less  than  85  percent 
NapCr20y. 

8-10.   INSPECTION. 

(a)  Unless  otherwise  specifically  authorized,  inspection  of  all 
materials  for  the  paints  and  chemical  rust  inhibitor  and  the  manufacture 
thereof,  will  be  made  by  a  representative  of  the  contracting  officer.   All 
samples  of  materials  and  of  the  finished  processed  products  will  be  tested 
and  analyzed  for  conformity  with  the  specifications  by  the  3overn:rient .   The 
inspector  will  collect  for  testing,  samples  of  each  of  the  materials  to  be 
used  in  the  manufacturing  processes  and  will  then  seal  the  material  contain- 
ers until  test  results  from  the  samples  indicate  that  the  various  materials 
conform  to  specifications.   He  will  witness  the  breaking  of  the  seals  on  the 
approved  material  containers  and  the  compounding  of  the  materials  for  the 
product  being  manufactured,  will  collect  samples  of  the  finished  product  for 
testing,  and  v/ill  -vitness  the  placing,  sealing,  and  lal  eling  of  the  finished 
product  in  containers  for  shipment.   After  the  finished  products  have  suc- 
cessfully passed  the  prescribed  test,  shipment  of  the  sealed  containers  will 
be  authoiized. 

(b)  In  the  cas^e  of  ready-mixed  and  packaf;:ed  paints  of  standard 
manufacture,  other  than  those  specified  by  tradename,  the  contractor  shall 
furnish  a  sample  in  the  standard  stock  package,  together  with  a  certified 
copy  of  the  complete  chemical  analysis,  for  test  and  approval  by  the  con- 
tracting^' officer, 

3-11.   FAT'SI'iT  for  all  paint  and  painting  will  be  included  in  the  con- 
tract price  for  the  respective  metals  or  items  painted. 
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LONG  SAULT  DAM 


Specifications 

For 
SPILUfAY  GATES 
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SECTION   II 

SPILLWAY  GATES  -   GENERAL  F2iiT0.^2S 

2-01.      GENERAL. 

(a)     The  following  shall  constitute  tJie  materials  cind  equipment 
that   are   included  under  the   "Spillway  Gates"! 

(1)  Thirteen  gates   complete,   for  use    temporarily   in  river 
diversion  and  the   component  sections  for  use    later  on  the  percriaaent    spillway 
including  structural  steel  frames  and   skin  plates,   wheels,    lubrication 
systems  and  fittings,   guide  pins   and  sockets,   wtter  saals,    (both  temporary 
and  perujanent)   lifting  and  coupling  devices,   and  tools. 

(2)  One   lifting   heuu  which  will   be  connected   to   the    lifting 
blocks  of  the  crane,   complete   with  s tructural  frame,    guide  rollers,    guide 
pins,    lifting  and  coupling  devices  similar   to  those   on  the  gates,    and 
connecting  links   to  the  crane  sheave  blocks. 

(3)  The  diversion  gate  doging  devices  which  are    to  be   in- 
stalled  in  the  concrete  piers , including  all  castings,    pins,   push  rods,    levers, 
hand  wheels  or  other  operating  devices,    busiiings,    bolts,    and   lubrication 
systems  and  fitting,   but   not   including  the  structurtil  steel  grillage,    anchor 
bolts,    pipe   casings,    and  3up')orts  for  the  dogs   which  are  embedded   in  the 
concrete. 

(4)  The  gate   track  rails  with  supporting  beams  and   the  bearing 
supports  for  the  diversion  gates;    including  all  rail  clipb,    splice  bars, 
machine   bolts,    anchor  bolts,    and   other  appurtenances. 

(5)  One  portable,   electi'ic  mctor-operatei  grease    compressor 
for   lubricating  the  gate  wheel  bearings,    and   the  dogging  .machinery. 

(b)  The  contractor  shall  coordinate   his   iesigi^s   and  detailed 
drawi.igs   with  those   of    related  structures   by  means  of   drawings   or  information 
which  will  be  furnished  by  the  contracting  officer. 

(c)  Hole   *hich  are   to  be   used  for  connection  of  ecuip^.^nt   not 
furnished  by  tne   contractor  snail  be  drilled  or  reamej   to  metal   te^plote 
furnished  by   the   contracting  officer'".or  made   from  i,iif ormat ion  given   by  him; 
or  drilled  or  reamed  with  the  parti   asseuibled.      All  templates,   all  casting 
patterns,    and  all  molds  f»r  rubber  ^als   shall  be  anl   remain  the   property 
of   the   Government. 

(d)  The  recrainder  of  the  gates   to  be   used   temporarily  for  diver- 
sion,   together  with  tracks,    dogging  ecjuipment   t-nd  other  appurtenances;   and 
the  gates   to  be   used  only  in   the   periiianent  spillway  slots,    together   with  all 
spillway  gate   tracks,   additional    dogging   equipment,    a  second   lifting  beam  and 
otner  appurtenances  are   not   included   in   this   contx'act,    but  will  oe  furnished 
under  subsequent  contracts. 

2-02.      GATES   AI^D  LTFTTJQ  BEAA23. 

(a)     The   thirteen  gates  required  for  temporary  use    in  river  diver- 
sion are  made  up  of  thirteen  single  section  permanent  gates,    each  coupled  to 

the  top   section  ou."  a  permanent   double  section  gate   which  rests   on  top  of  tne 
single   section.     No  bottom  section  of   the   double  section  gates  are  required 
under  this   contract.     Each  complete   single   section  ^-ate    is   25 '-8"   high  and 
all  sectipns  are  about  53  f^^t   in  overall   length.      The   top   sections  required 
art:   six   17-foot   high  sections,   six  l^-foot   nign  section3,    and  one   12-foot 
high  section.     Each  single  section  gate   is  equipped  i.vith  a   lifting  ddvice 
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and  each  top  section  is  equipped  with  lifting  and  coupling  devices.  TThen 
the  gates  are  used  for  diversion  the  sections  are  always  coupled  togethert 
but  for  permanent  use  on  the  spillway  the  crane  operator  may  operate  the 
two  sections  of  the  double  section  gates  either  as  a  single  unit  or  sepa- 
rately. 

(b)   Each  gate  section  consists  of  a  steel  skin  plate  on  the 
upstream  side  (when  the  gates  are  in  the  permanent  spillway  slots)  riveted 
to  a  supporting  steel  frame  work  of  vertical  and  horizontal  girders  and 
stiffeners.   The  bottom  and  side  edges  of  each  section  are  equipped  with 
water  seals.   The  water  load  on  each  section  is  distributed  by  the  skin 
plate  and  stiffeners  to  the  horizontal  girders,  and  thence  to  the  vertical 
girders  at  the  sides.   Double  flanged  wheels  on  over-hung  axles  are  mounted 
on  the  vertical  girders  and  take  the  horizontal  load  on  the  gate  into  the 
gate  tracks  on  the  piers. 

(o)  The  lifting  beam  consists  of  a  structural  steel  frame  with 
lifting  and  coupling  devices  similar  to  those  in  the  top  sections  of  the 
gates.   The  beeun  spans  the  entire  opening  and  the  ends  are  equipped  with 
guide  rollers.   The  cross  heads  of  the  lifting  device  are  coupled  to  the 
lifting  blocks  of  the  crane. 

(d)   The  position,  with  reference  to  the  skin  plate,  of  the  center 
line  of  lifting  hooks  shown  on  the  drawirgs  is  dependent  upon  the  center  of 
gravity  of  the  single  section  gate.   The  final  position  of  the  lifting  hooks 
shall  be  subject  to  the  approval  of  the  contracting  officer  after  a  weight 
estimate  is  secured.   The  position  of  the  hooks  shall  be  the  seune  for  all 
gate  sections  and  counterweight  shall  be  added  if  directed  by  the  contracting 
officer. 

2-03.   DIVERSION  GATE  DOGGING  DEVICES. 

(a)  Twenty-six  pairs  of  dogs  are  provided  in  the  pier  noses  for  openings 
1  to  13  inclusive  for  use  during  river  diversion  for  dogging  the  river  diversion 
gates.   Two  dogs  are  mounted  on  each  side,  of  each  pier  nose,  one  directly 
above  the  other  and  operated  independently  from  the  pier  top  by  the  same  push 
rod.   It  is  intended  that  the  dog  castings  and  pins  will  be  salvaged  after 
use  for  the  diversion  gates  and  installed  in  the  permanent  spillway  gate  slots. 

(b)   The  dogs  are  of  the  vertical  reaction  type  and  are  operated 
by  vertical  push  rods  through  pipe  shafts  and  connected  to  hand  wheels  or 
other  suitable  operating  devices  at  the  top  of  the  piers.   The  gates  may  be 
dogged  at  various  elevations,  the  dogging  steps  being  the  treads  of  the  gate 
wheels.   The  dog  castings  pivot  on  horizontal  pins  set  in  structural  steel 
supports  which  are  embedded  in  the  piers.  Pins  are  lubricated  by  means  of 
copper  tubing  running  through  the  pipe  shafts  to  the  tops  of  the  piers  and 
terminating  in  button-head  grease  fittings. 

2-04.   DIVERSION  GdTB  TRACKS.  -  The  tracks  for  the  diversion  gates  are 
vertical  crane  rails  clamped  to  wide-flange  beams  which  are  anchored  and 
grouted  in  the  niches  near  the  upstream  ends  of  the  piers  for  gate  openings 
1  to  13  inclusive.  A  plate,  continuous  from  the  elevations  shown  on  the 
drawings  to  the  top  of  the  track  beam,  Is  Welded  to  the  downstream  flange 
and  flush  with  the  inner  surface  of  the  flange.  This  plate  forms  p^rt  of 
the  vertical  sealing  surface  for  the  gate  seal.  Anchor  bolts  with  provision 
for  adjusting  the  tracks  laterally  and  in  an  up-and -downstream  direction 
will  be  furnished  by  this  contractor  and  set  in  the  piers  by  the  Government. 
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Specifications:  Long  Sault  Dam 

SECTION  III 
DESIGN  LOADS  AND  STRESSES 
3-01,  GATES  AND  DIVEEISION  GATE  TRACKS. 

(a)  nates  in  Fermanent  Position  on  Spillway.  -  All  parts  of  the 
gates  shall  be  designed  to  withstand  either  of  the  following  loading  con- 
ditions in  addition  to  stresses  due  to  lifting,  lowering,  or  resting  on  the 

sill. 

(1)  A  horizontal  water  load  corresponding  to  a  water  sur- 
face on  the  upstream  side  at  Elev.  249,  which  is  three  feet  above  the  top 
of  the  gates. 

(2)  A  horizontal  ice  load  of  10,000  lb.  per  lineal  foot  of 
gate  length  between  pier  faces,  distributed  over  k   feet -rertically,  and  with 
its  center  of  pressure  at  any  point  between  Elev.229.5  and  ELev.  244»  and  »  in 
addition,  a  water  load  corresponding  to  a  surface  6«  below  the  ice  surface. 

The  tailwater  will  be  below  the  gate  sill  for  both  con- 
ditions. The  weight  of  water  shall  be  taken  as  62.5  lb.  per  cubic  foot. 

Jot  Condition  1,  the  unit  stresses  in  structural  carbon  steel  shall 
not  exceed  those  corresponding  to  en  18,000  lb.  per  square  inch  base  as  spec- 
ified in  the  American  Institute  of  Steel  Construction's  "Specification  for  the 
Design,  Fabrication  and  Brection  of  Structural  Steel  for  Buildings*  as  revised 
January  1934»  except  that  the  thickness  of  all  members  shall  be  increased 
1/16*  above  the  resulting  designed  thickness  to  allow  for  corrosion.  The 
unit  stresses  in  structural  silicon  steel  shall  not  exceed  those  corresponding 
to  a  24,000  lb.  per  square  inch  base,  and  the  resulting  designed  thickness 
shall  be  increased  l/l6"  to  allow  for  corrosion.  The  unit  stresses  for  other 
materials  shall  not  exceed  those  normally  used,  in  good  practice,  for  the 
materials  involved.  The  radial  .vheel  loads  shall  not  exceed  130,000  lb. 

yor  Condi tien  2,  the  unit  stresses  in  any  material  shall  not  ex- 
cedd  12^  of  those  allowed  for  Condition  1,  except  that  no  allowance  shall 
be  made  for  corrosion.  The  radial  wheel  loads  shall  not  exceed  225i000.1b. 

(b)  nates  in  Temnorarv  use  for  River  Diversion.  -  The  full  depth 
(25»-8")  gate  sections  shall  also  be  capable  of  withstanding  a  water  pressure 
corresponding  to  water  surface  1?  feet  above  the  top  of  the  gate  and  acting 
against  the  skin  plate  from  the  side  of  the  gate  which  normally  faces  down- 
stream. All  of  the  top  sections  shall  be  capable  of  withstanding  a  pressure 
corresponding  to  a  water  surface  at  the  top  of  the  section  andaiting  against 
the  skin  plate  from  the  side  of  the  gate  which  normally  faces  downstream. 
This  loading  condition  is  shown  on  Drawing  RP-l-'^Q/l  and  occurs  when  the  gates 
are  used  for  river  diversion  during  construction,  tinder  this  condition,  unit 
stresses  in  the  component  parts  of  the  gate  shall  not  exceed  1505?  of  those 
specified  for  Condition  1,  or  Q0%   of  the  yield  point  of  the  materials  in- 
volved. Tension  on  rivets  in  the  skin  plate  shall  not  exceed  2,500  lb.  per  sq. 
inch  of  nominal  rivet  area.  No  ice  loads  need  be  considered  for  this  design 
condition. 
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(c)  Diversion  (Tate  Tracks.  -  The  tracks  for  the  diversion  gates 
shall  be  designed  to  sustain  the  maximum  wheel  loads  and  to  transmit  them 
in  bearing  to  the  concrete  of  the  pier  without  overstressing  the  steel  or 
the  supporting  concrete. 

3-02.   LIFTING  AND  COUPLING  DEVICES. 

(a)  All  parts  of  the  lifting  and  coupling  devices,  including 
those  in  the  lifting  beams  and  the  structural  parts  effected  in  the  gates 
shall  be  designed  for  a  vertical  load  (per  gate)  of  525*000  Ihs.  in  order 
to  take  care  of  the  diversion  gate  loads.  The  unit  stresses  shall  not 
exceed  those  normally  used,  in  good  practice,  for  the  materials  involved. 
E^ch  wedge,  and  all  parts  of  the  wedge-operating  machinery,  shall  be  de- 
signed for  a  thrust  of  3*000  pounds  in  the  screw  shaft.  Bach  wedge  shall 

be  designed  to  support  a  vertical  load  from  the  coupling  tie  bars  of  120,000 
pounds. 

(b)  '^ll  guide  pins  and  sockets  for  centering  gate  sections  and 
lifting  beams  shall  be  capable  of  transmitting,  at  normal  working  stresses, 
reactions  due  to  vvind  pressure  on  the  full  depth  gate  section  while  it  is 
suspended  from  the  crane.  Wind  pressure  shall  be  assumed  at  kO   lb.  sq.  ft. 
maximum  and  the  gate  area  1350  sq»  ft. 

>03.  DIVISION  GATE  DOGS.  _  Bach  pair  of  dogs  and  dog  pins  at  t  he 
s«me  elevation  in  the  pier  noses  (to  be  used  for  supporting  the  river 

diversion  gate3)3hall  be  designed  to  support  a  load  of  at  least  133^  of  the 
weight  of  the  heaviest  river  diversion  gate,  but  for  not  less  than  575*000 
lbs.  The  unit  stresses  shall  not  exceed  those  normally  used,  in  good  practice, 
for  the  materials  involved. 
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Specifications   for  Lo^g  Sault  Dean 

S2CTI0N   IV 
STRICTURAL  DETAILS 

il-01.     GATSS.    (Riveted  Design) 

(a)  The    general  construction  of  the    gates    shall  be    substantially 
as   shown  on   the  Government's   drawings.     Riveted  construction   shall   be  used, 
in   general,   but  welding  -mill    be   permitted  for  calking   joints,   plugging  holest 
and  for   construction  of  the    temporary  seal    structure.     If  approved  by  the 
contracting   officer    other  minor    details  may  be   -welded.      In   all   casesi    v/elding 
and  riveting   shall   conform  to    the  provisions  of  Section  VIII.     ^11  parts  of 
the   gates    shall   be   adequate    to   transfer    -the  loads   specified  fro-n    their  points 
of  application   to   the   track  rails  ■without  exceeding   the   unit  stresses   specified 
and  -withoct  excessive    deformation.     Except   as  provided  belo^w,    the  gate   struc- 
ture   shall    be    of    structural    carbon   steel. 

(b)  Structural   silicon   steel    shall  be    used  ■whsre    called  for   on   the 
drcAvings  or   in   these    specifications   and,   except   for    tiie    skin  plate,   may  be 
used  for   other   structural  parts,  provided  no  horizontal  girder    deflection  un- 
der maximum  design   load  for   any  of   the  prescribed  conditions  of  loading   shall 
exceed  7/B" 

(c)  In   designing  the  horizontal  girdera  a  vldth  of   the    skin  plate 
eiial   to   the    distance   bet'/.'een  the   outer   rivet  gauge  lines  in   the   outstanding 
angle    1«S^  plus   2^  times   the    skin  plate  thickness,   maybe    figured  as  cover 
plate   area.     Proper   allov/ances   shall   be  made    for   unsymmetrical    sections  and  for 
combined   stresses. 

(d)  All   connections  and  details   shall  be   of    sufficient  strength  to 
develop   the   full    strength  of  the  parts   connected,   and  each  connection   shall 
have    at  least  t'wo   rivets.     The  minimum   rivet   size    shall  be  7/8".     Details 
shall    be  such  as  to  give  free  access  for  inspection  and  painting-,   and 

all  wa-ter   pockets    shall   be    drained. 

(e)  The    bottom   girders  of  each  ga-fce    section   shall  be   air-dented  -fco 
minimize   suction. 

(f)  All   gate    sections    shall  be    comple-tely    shop -fabrica -ted  except  -the 
25'-8«  ga-tBs   and  -the  17'-0"   -top   sections  which   shall   be   built  in   -two  pieces 
each  v;i-fch  provisions  for  horizontal   field  splicing.     The   design  of   the    splices 
shall  be    such  as  to   require   as  little   field  work  as  possible,   consistent  wi-th 
strength  and  vatertightne ss   requirements. 

(g)  The    ton   of  each  25'-^^"  gate    section  shall   be   flat  and   smooth  wi-th 
all    ri-vets  in   the   horizontal    sealing   surface  area  coun-ter   sunk. 

(h)      Provision   shall   be  made    so   tiiat  a  man  may  readily  reach   and  oper- 
ate  by  hand  or    service    the  v;e dge   operating  mechanisms   and  the    devices   for  emer- 
gency hand  operation  of  the    coupling   links.      The    top   sections  of   "the    double 
section  gates    shall    have    a   ladder   near  each  end  on   the    side  opposite   the    skin 
pla-te    for  access    to    the  wedge    operating  niachinery  and   -the   coupling   device   cross- 
heads* 

(i)  The  design  for  Condition  2  shall  take  into  account  the  transfer 
of  load  from  any  horizontal  girder  "to  the  adjacent  girders  through  the  -verti- 
cal  diaphragms. 

(j)     Care    shall   be    "taken  in  the    design   that  proper  clearances   are  main- 
■tained  be-tween  -the   gate  and   the    rlam   structures  at  all   points. 

(k)     Each  gate    section    shall   be   equipped  v;ith   connections    for  latching 
to    the    lower    sill   on   the   vpstream    side   of  the   crane  when   the    section    in   being 

4-1 


transported  by  the   crane.     The   connections  shall   be   designed  to  Tvithstand  their 
proportion     of  the  horizontal  wind  load  specified  in  Paragraph   3-02(b). 

(l)     Each  gate    section   shall    be  equipped  with   connections   at   the    top   for 
up-ending   the    section  from    a  flat  position  with   the    skin  plate    dcvvn.     The 
connections  may  be   removable   and  shall   be    suitable   for    attching   the   crane 
sheave   blocks   and  of  adequate    strength  to    sustain  their  proportion  of   the    dead 
load  of  the   gate    section.      It  will   be   necessary  to  make   use    of    ■theae   connections 
■when  a  gate    is  lowered  into   or  raised  from   the  gate    repair   chamber. 

(m)     To  fit  the  gates  for   temporary  use   for   diversion  operations  as  noted 
in  3-0l(e)   and  shown  on  drav.'ing  BD-I-30/I   a  temporary   steel   seal   structure    shall 
be    attached  to   the    skin  plate    side    of   each   gate    section  by  riviting  or  v;elding. 
Proper  provision    diall   be  made   for    splicing    at   the   horizontal    splices   in  the 
gates   and   at  the    joint  between   the    top   of  each    single    section  gate    and  the   bot- 
tom of  the   top   section  which  rests   upon  it.     The    seal   retaining   slot   shall  be 
continuous  along  the   sides  and  bottom  of  the    full-depth  gate  section  and  shall 
be  mitered  at  the   corners*     Ihe   seal    structure   shall   be   capable   of  withstanding 
(without  leaksi   overstressingt    or  excessive    deflection)   a  hydrostatic  pressure 
corresponding  to   a  forty-foot  head  on  the  bottom   seal.     There    shall  be   clear- 
ance  between  the    seal   structure   and  the    sealing   surface  when  the   gate   is  under 
maximum  load  and  the    seal  shall  have    sufficient  movement  in   a  direction  perpen- 
dicular  to  the   face   of  the   gate    to   be  effective  when  the    gate    is  under  no  load. 
Details  of   "the  design   shall   be   such   as   to  hold   to   a  minimum  the  work  and  ma- 
terial necessary  to   convert  the   diversion  gates  to  permanent  spillway  gates. 

4-02.     GATES   (Alternate  Welded  Design) 

The   contractor  mayt    at  his   optiont    submit  designs   for  all  welded  gates  as 
an  alternate   to   the  riveted  design  shown  on  the  Government's   drawings  and  des- 
cribed in  paragraph  4-01.      If  the    design  and   details   are    satisfactory  to   the 
contracting  officer,   the  welded  design  will  be    approved  for   the   construction, 

4-03.     DIVERSION  GATE  TRACKS.    -  The   track  rails    shall   be  175  lb.,  heat- 
treated  Lorain  crane   rails»   Section  No.  175-418,   and  shall    be   clamped  to  the 
flange   of  the  vertical  track   beam.     The   upstream  beam  flange    shall   be   planod 
and  the  head  of  the   rail    shall   be    straight  in   line   after    the   rail   clips  are 
drawn   tight.     The   beam  webs   shall   be    stiffened  by  welded  plates   and  the    flanges 
cut  for  proper  clearance.     Provision  shall  be   made    for   an   adjustment,   for   sot- 
ting the  position  of  the   rail  head  in   ihe   field,   of  i-inch  laterally  in  either 
direction  and  3/8-inch  either   upstream  or   downstream,   both  from   the  normal  po- 
sition as   shown  on  the  drawings.     Holes  in  the   rail  web  and  beam  flanges   and 
clearance   in  the   rail  clips    shall  be    large    enough   to    allow  the   adjustments  re- 
quired.    The   rails    shall   be  matched  for   height  at   the    splices  and   joints  ground 
smooth. 
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Specifications   for  Long  Sault  Dam 

SECTION  V 
MECHANICAL  DETAILS 
5-01,      LIFTING  AND  COUPLING   DEVICES. 

(a)  The  lifting  and  coupling  device   for  each  top  section  shal^.  be 
essentially  as  shown  on  Drawing  BD-1-40/2  and  shell  consist  of  swinging  links 
suspended  on  horizontal  pins  from  crossheads  connected  by  tie  bars   to  double 
hooks  at  the   top  of  the  gate   section.     The  hook  links  engage    similar  hooks  in 
the  bottom  gate   section.     Each  pair  of  hook  links  is  geared  together  to  operate 
in  unison  and  the   two  pairs   in  each  gate  section  are  mechanically  interlocked 
to  provide  simultaneous  operation.      A  latch   to  hold   the  links  open  and  a  latch 
tripper  to  allow  them  to  close  are  provided  in  each   cross-head  and  are   operated 
by  the  vertical  movement  of  the  cross-head.     The  lifting  beam  is   provided  with 
similar  cross-heads  and  links.     Emergency  hand  operetion   is  provided   for  the 
links  in  both  the  lifting  beam  and  the  gate  sections.     Electric-motor  operated 
wedges  near  the   top  of  the  gate  serve    to  hold  the  sections   together  for  opera- 
tion as  a  unit. 

(b)  For  permanent  spillway  gete   operation   the  device   is  intended 
to  perform  the   following  functions  by  means  of  the    crane  with   one   crane   opera- 
tor   (one  additional  man  is  required  vhen  connecting  or  disconnecting  the  gate 
sections): 

(1)  Connect  the  lifting  beam  to  or  disconnect  it  from  the 
top  of  any  gate  and  raise  or  lower  the  gate  as  desired, 

(2)  Connect  the  lifting  beam  to,    or  disconnect  it  from,   any 
top  gate  section-or  any  bottom  gate  section  when  no  water  is  flowing  over  it  - 
and  raise  or  lower  the  gate  section  as  desired, 

(3)  Connect  any  upper  gate  section  to,    or  disconnect  it  from, 
any  lower  gate   section. 

(c)  The  functions  are  performed  as  follows: 

(1)    (2)  The  lifting  beam  is  lowered  until  it  rests  on  top  of 
the   gate  or  gate  section  and  the   crane  operator  continues  to  lower  the  lifting 
beam  cross-heads  until  the  links  engage  the  lifting  hooks.     The   crane  operator 
may  then  reverse  the  hoist  motor  and  raise  the  gate  after  the  small  upward  move- 
ment of  the  cross-head  is  taken  up. 

(3)     To  disconnect  the  gate   sections  the  lifting  beam  is  lower- 
ed until  the  top  hooks  are  engaged  as  in   (1)   end   (2),     The  hoist  motor  is   then 
reversed  and   the  lifting  beam  cross-heads  and  links  are  raised  a  short  distance, 
elongating  the  coupling  bars  slightly  so  that  the  wedges  near  the   top  of  the 
gate  may  be  withdrawn  by  starting   the  wedge-operating  motors.      After  the  wedges 
are  removed  the  lifting  beam  cross-heads  are  again  lowered,    together  with  the 
cross-heads  in  the  gate,   until  the  links  in  the  gate  cross-heads  spread  enough 
to  allow  the  latches  to  drop  and  hold  them  open,   disconnecting  the   sections. 
The  top  section  may  then  be  removed  by  hoisting  until   the  gate   cross-heads 
come  in  contact  with  the  upper  stops.     Before   the  cross-heads  reach  the  upper 
stops  the  latches  are  tripped  by  adjustable  set  screws  allowing  the  links  to 
drop  into  position   to  engage   the  hook  when  it  is  desired  to  connect  the  sections 
again.     To  connect   the  gate  sections  the   top  section   is  lowered  until  it  rests 
on  the  top  of  the  bottom  section.     The  lifting  beam  is  lowered  further  and  the 
links  in  the  gate  cross-heads  are  spread  by  contact  with  the  sloping  of  the 
hooks  until  they  drop  into  position.     The  hoist  motor  is  then  reversed  and  the 
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whole  assembly  tightened  so  that   the  wedges  may  be  driven  and  the  lifting 
beam  removed. 

(d)  For  diversion  gate  operation  the  two  gate   sections  are  coupled 
and  remain  so  until  the  diversion  gates  are  dismantled  to  bo  converted  to 
permanent  spillway  gates. 

(e)  Strength,   simplicity  and  ease  of  operation  shall  be   considered 
of  prime  importance  in  the  design. 

(f )  Hooks,  connecting  castings,  wedges  and  ligting  links  shall  bs 
alloy  steel  castings.  Lifting  links  shall  be  equipped  with  self -lubricating 
bushings  pressed  in  the  link  castings  and  doweled.  Connecting  bars  shall  bo 
of  structural  silicon  steel.  The  cross-heads  shall  be  of  structural  silicon 
steel  plates,  or  reinforced  rolled  sections,  properly  connected,  braced,  and 
finished  to  bear  on  the   seats  in  the  gate  and  lifting  beam. 

(g)  Pins  through  hooks,   connecting  castings,   and  lifting  links 
shall  be  of  forged  alloy  steel  and  pin  nuts  shall  be  of  pressed   steel  with 
recess  and  finished  face.     Lifting  link  latches  and  all  levers  and  yokas   in 
the  mechanical   interlock  shall  be  carbon  3teel  castings.     Connecting  links 
in  the  interlock  shall  be  of  structural  carbon  steel  and  pins  of  rolled 
nickel  steel.     All  bearings  for  rotating  or  oscillating  shafts  and  all 
bearing  surfaces  rotating  or  oscillating  on  fixed  pins   shall  be  fitted  with 
self -lubricating  bushings*     Push  rods  shall  be  of  standard  weight  black  steel 
pipe  with  rods  welded  in  at   the  ends  and  threaded  right  and  left  hand  for 
adjustment.     Yokes  shall  be   threaded  right  and  left  hand  to  match.     Rods 
shall  be  of  bolt  steel  and  shall  be  fitted  with  bronze  jam  nuts.     The   lever 
for  hand  operation  of  the   links  shall  be  of  a  carbon  steel  forging  or  casting. 

(h)     The  speed  reduction  units  connecting   the   threaded  wedge  op- 
erating rods  to   the  drive  motors  shall  be   inclosed   in  felt-sealed,   oil  tight, 
cast  steel  or  welded  steel  cases  properly  braced  and  connected   to   take  the 
thrust  of   the  wedge   into  the  gate  structure.     The  cases  shall  be  provided  with 
oil  level  plugs  and  drain  plugs  and  the  gear  covers  shall  be  easily  removable 
for  inspection  of  the  gears.     The  gears  shall  run  in  a  suitable  lubricant,  and 
lubrication  shall  also  be  provided  for  the  threads  of  the  operating  rod. 
Lubrication  shall  be  effective  at   temperatures  down   to  -40°  F.     The  wedge 
operating  rods  shall  be   of  rolled  nickel  steel.     Gears  shall  be  of  nickel 
steel,   carburized*     Bearings  shall   be  of  phosphor  bronze.     A   flexible  coupling 
shall  be  provided  at  the  end  of  the  high  speed  shaft  for  connection  to   the 
motor  shaft.     A  weather-tight,   copper-bearing  sheet  steel  removable  cover  l/8« 
thick  shall  be  provided   to  inclose  the  entire  mechanism  except  the  wedge  and 
operating  shaft. 

5-02.     GUIDSS. 

(a)  The  lifting  beams  shall  be  provided  with  four  double  flanged 
rollejrs  at  each  end  which  shall  fit  between  the  track  and  guide  rails  in  tha 
spillway  gate  slots  and  hold  the  beam,  as  it  is  lowered,  in  the  proper 
position  to  engage  the  guide  sockets  on  top  of  the  gate.  Clearance  between 
rail  heads  shall  be  the  same  as  the  clearance  of  the  gate  wheels.  When 
the  beam  is  used  for  diversion  gate  operation,  it  will  be  guided  by  the  track 
rails  in  contact  with  the  downstream  rollers.  Rollers  shall  be  equipped  with 
press  in  self -lubricating  bushings  flanged  to  take  end  thrust,  and  provision 
shall  be  made  for  7/l6«  slip  of  the  roller  on  the  axle  in  each  direction. 
Vertical  tapered  guide  pins,  one  near  each  end  on  the  bottom  of  the  beam,  shall 
engage  sockets  in  the  gate  with  sufficiently  close  clearance  so  the  lifting 
links  will  engage  the  hooks  freely.  Two  sockets  on  the  top  of  the  beam  shall 
engage  guide  pins  on  the  crane  trolley  when  the  lift  beam  is  in  its  highest 
position.  Similar  guide  pins 
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and  socketa  shall  be  provided  to  guide  the  top  section  of  the  S'llit  elates  to 
its  proper  position  on  top  of  the  bottom  flection.  The  details  at  the  end  of  the 
bear  shall  be  such  thrit  the  beam  rcay  be  doge^ed  in  fmy   gate  slot. 

(b)  No  guides  are  neces-^.ary  for  the  cates  thenselves,  the  double- 
flanged  wheelr  servine'  that  nurpose. 

(c)  The  end  guide  rollers  on  the  lifting  bearr,  shall  be  alloy  steel 
castings.   The  guide  pins  on  the  lifting  beamr  and  top  gate  sections  shall  be 
alloy  steel  forgings  provided  7/ith  hexagon  nuts  of  tobin  bronze.   The  guide 
sockets  shall  be  carbon  steel  castings  and  shall  be  bolted  underne-?th  the  top 
girder  web  on  each  gate  section  'A-ith  tobin  bronze  bolts.  The  bottoms  shall  be 
open  to  prevent  filling  '«ith  ice  or  debris. 

(d)  The  diversion  gates  shall  be  provided  '^ith  suitable  roiides  at 
the  sides  for  holding  the  gntes  in  position  as  they  are  raised  or  lowered. 

5-03.   WHEEL  A=?.^E"PLIB;S. 

(a)  General.  -All  p^rts  of  the  wheel  assembly  '-hall  be  designed  for 

a  direct  radial  load  of  1*^0,000  lbs.  and  a  suir.ultaneous  axiil  load  of  70,000  lbs. 
in  either  direction,  both  loeds  beinf  applied  at  the  wheel  tread  and  while  the 
wheel  is  either  stationary  or  revolving  at  one-half  revolution  per  irinutf  . 

The  roller  bearings  '^hall  be  so  proportioned  as  to  sustain  these 
cor.bined  loais  with  a  factor  of  safety  of  not  less  than  three,  based  on  ;.he  ul- 
ti-^ate  strength  of  the  rraterial.   They  shall  also  be  cap'-dble  of  sustaining, 
under  test,  a  radial  load  of  300,000  lbs.   cor^^bined  with  a  thrust  load  of  100,000 
lbs.  applied  at  a  point  on  the  tread  of  the  wheel,  'while  revolving  at  a  speed  of 
one-half  revolution  per  minute,  "ithout  appreciable  perTranent  deforration.  ■ 

The  axles  shall  be  turned  with  a  1/?"  accentrlc  for-  al leaning  the 
wheels  after  the  w>^eel  asserblles  are  installed  in  the  gate.  Provision  shall 
be  Trade  in  the  design  for  a  slip  of  the  wheel  of  7/l6"  in  either  ^^rection  from 
the  norrrgl  position  to  allow  for  vari-tion  in  length  of  cate  iue  to  temperature 
changes  and  for  t.lerar.ce  in  the  track,  rail  setting. 

(b)  Wheels.  -The  gate  wheelr  shall  be  double  flanged,  heat-tr-^- ted , 
rolled  carbon  steel. 

(c)  Axles .  -Axles  shall  be  alloy  steel  forgings,  heat-treated  to 
pro-^ucethe  fol]o".'ing  mni^un  physical  resultsi 

Tensile  strength  100,000  lbs.  per  sq.  in. 

Elastic  limit  75*000  lbs.  per  sq.  in. 

Elongation  in  2"  1^% 

Reduction  in  area  50''^ 

(d)  Roller  bearings.  -  The  design  of  the  roller  be-^rlnrs  ^nd  -their 
irounting  in  the  wheels  and  on  the  ^xles  shall  be  =^uch  that  they  may  be  readily 
removed  and  disassem,bled  for  in~. section  and  cleaning.   The  races  and  rollers  shall 
be  of  roller  bearinc  alloy  steel,  heat-treated,  and  with  bearing  surfaces  imifcrn- 
ly  gardened  to  proper  depth  to  . nsure  sufficient  strength  to  resist  the  maximun 
pressures  bet7;:een  the  bearing  our faces  of  rollers  and  races.  Retainers  shall  be 
designed  and  constructed  to  properly  space  and  guide  the  rollers  with  a  rainimun 
of  friction. 

(e)  Hub  Covers  and. Rearing  Seal  Covers.  -Hub  covers  and  bearing  seal 
covers  shal]  be  of  rolled  steel,  forged  steel,  or  carbon  steelcastings ,  ^nd 
shall  be  designed  to  resist  the  thrust  load  on  the  77heel.   Inside  surfaces  shall 

be  sand-blasted  or  machined  to  remove  all  scale  and  sand  or  other  foreign  material. 

(f)  Eeurin?  Seals.  -Bearing  seals  shall  be  designed  to  prevent  the 
entrance  to  the  bearings  of  grit  or  of  water  under  a  static  pressure  of  20  pounds 
per  square  inch  or  less.  Sealing  material  shall  be  made  of  flexible  packing  having 
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a  low  coefficient  of  friction.  The  physical  characteristics  of  this  matsrial 
shall  not  be  substantially  affected  by  long  exposure  to  air,  water,  mineral  oil 
or  extremes  in  temperature  of  the  ?ir  which  are  likely  to  be  encountered  at  the 
site  of  the  dam.  A  spring  device  shall  be  incorporated  in  the  seal  to  produce 
a  uniform  pressure  of  the  sealing  element  around  the  shaft.  The  entire  assembly 
shall  have  sufficient  strength  and  rigidity  to  prevent  leakage  between  the  seal 
and  the  bearing  seal  cover  in  which  the  seal  shall  have  a  f  ci' ce  fit.   If  external 
c^ges  are  used  in  the  seal  assembly,  they  shall  bs  of  non-corrodible  metal  or 
heavily  cadmium-plated  steel.   If  internal  stiffeners  are  molded  in  the  packing 
material,  they  may  be  of  pressed  steel  or  other  approved  metal.  Springs  shall 
be  of  bronze.   "IQozure"  seals  as  manufactured  by  the  Garlock  Packing  Company, 
seals  using  "Neoprene"  packing  material  with  an  internal  stiff ener  ring  as  man- 
ufactured by  the  lUchlgan  Leather  Packing  Conpany,  or  approved  equal,  will  be 
acceptable. 

(g)  Bolts  and  Nuts.  -Bolts  and  nuts  for  the  hub  covers  and  bearing 
seal  covers  shall  be  made  from  "high- strength  steel*.  A  spring  steel  lock  wash- 
er shall  be  provided  under  each  nut. 

(h)  Gaskets.  -All  gaskets  shall  be  cut  from  compressed,  asbestos- 
fibre  sheet  packing  1/32"  thick.  They  shall  be  accuirately  cut  to  r?ize  with  bolt 
holes  1/16"'  larger  in  diameter  than  the  bolts. 

(i)  Lubrication  Equipment'  and  Lubrication.  -The  wheels  on  each  side  of 
each  gate  section  shall  be  equipned  with  a  centralized  lubrication  system,  Farval 
or  equal,  with  strainers  and  measuring,  valves.  The  grease  supoly  to  the  bear- 
ings shall  be  taken  from  the  supply  lines  through  flexible  tubing  to  the  axles 
and  thence  through  the  axle  to  the  bearings.  Supply  f)ipes  shall  be  extra  strong 
black  wrought  steel  butt-weld  pipe,  pickled  to  remove  all  scale  from  the  interior. 
Tubing  shall  be  of  copner  with  nomihal  wall  thickness  of  I/I6"  and  with  fla'ed 
joint  fittings  of  Nhrine  and  Refrigeration  type.  All  pipe,  tubing,  and  fittings 
shall  be  assembled  with  tight  joints  and  shall  be  suitable  for  a  cold  oil  work- 
ing pressure  of  2,000  lb.  per  sq.  in.  Fittings  for  connection  to  the  compres- 
sor shall  be  of  the  button-head  type.  The  fittings  shall  be  easily  ■^cessible 
from,  the  downstream  side  of  the  gate  section  and  as  close  as  practicable  to  the 
top  of  the  section. 

During  or  after  assembly,  the  supply  pipes,  tubes  and  ftttinfs,  as 
well  as  the  space  surrounding  the  bearings  and  journals  shall  be  completely 
filled  with  a  lubricant  recommended  by  the  wheel  bearing  manufactured,  or 
approved  equal.  Any  lubricant  selected  shall  be  effective  at  i^O  F. 

5-04.  PERT.'AMENT  WATT?  SEALS 

(a)  Side  Seals.  -  The  seals  at  the  sides  of  each  gate  section  shall 
be  2i"  diameter  staunching  rods  of  cuirosion-resisting  steel  fastened  to  the 
gate  body  by  tobin  bronze  bolts.  Proner  allowance  shall  be  made  for  tolerances 
in  guides,  track  rails,  gate  structure  and  wheels  in  determining  the  movement 
of  the  seal  in  a  direction  parallel  to  the  face  of  the  pier.  The  rods  shall  be 
attached  in  such  a  way  that  when  the  gate  is  sealed  the  ro-ls  will  be  held  again- 
st the  sealing  stripes  on  the  downstream  edres  of  the  gate  slots  and  v^tev 
pressure  on  the  upstream  side  of  the  gate  will  increase  the  pressure  ^etween 
the  seal  and  seal  strip.  Details  at  the  bottoms  of  the  rods  on  any  gate  section 
shall  be  such  as  to  cause  the  rods  to.  slide  down  the  .=  ]  oping  seal  plate  at  the 
top  without  binding  and  to  seal  against  the  sill  or  against  the  top  of  the  bottom 
gate  section  with  a  minimum  of  leakare.  The  seal  siip'^orting  angles  shall  be  ship- 
ped separately  with  the  seals  to  be  installed  by  others  after  river  diversion 
operations  are  completed.  Holes  shall  be  reamed  as  noted  in  8-02  and  6-09  to  In- 
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sure  correct  asren-bly  in  the  field. 

(b)  Bottom  Seals.  -Potton?  s^als  on  the  top  gate  sections  .°hall  be  of 
fabric  reinforced  synthetic  rub^'T,  clTmned  to  th"  bot '  on;  of  the  rr^te  sections 
by  structural  steel  clamp  tars  and  bolts  of  hot-rolled  bar  st^el  with  tobin 
bronze  and  sprinr  lock  \'vashf^-rs.   Junction  with  the  end  seals  shall  be  made 
with  synthetic  rubber  blocks  clamped  and  comnpres^-ed  apainst  the  cate  mem- 
bers and  the  bbttom  s?al  to  form  water-tight  joints.  "Sach  synthetic  rubber 
bottom  seal  between  the  end  joints  shall  be  in  one  piece  and  reinforecn.ent 
shall  be  continuous  to  7;ithin  ^J\\   inch  from  the  end.   Poth  holes  shall  be 
accurately  located  from  the  holes  in  'he  pates,  or  from  templates  made  fromi 
them,  and  shall  be  1/16"  smaller  in  diametor  than  the  nominal  diameter  of  the 
bolts. 

Bottom  sealing  for  the  25 '-8"  gates  shall  be  by  bearing  of  the  planed 
steel  surfaces  of  the  e"^te  on  the  babbitt  r.etal  in  the  sill. 

3-05.   DIVERSION  '^K^^.   7/A'^ER  SEALS.  -The  temporary  water  seals  shall 
each  consist  of  a  circular  section  of  tread  stock  rubber,  continuous  along  the 
sides  and  bottom  of  each  assembled  diversion  gate,  and  contained  within  the 
seal  retaining  slot  of  the  temporary  seal  structure.  The  rubber  soal  shall 
be  mitered  and  cemented  at  the  corners  to  form  a  tight  and  secure  joint.  The 
rubber  seal  shall  be  backed  by  an  air  hose,  also  contained  in  the  real  re- 
tainer slot,  for  the  purpose  of  providing'  sealinr  pressure  between  the  rubber 
seal  and  the  face  of  the  dam.   A  coupling  for  attaching  an  air  sunr^ly  line 
shall  be  furnished  at  one  end  of  the  hose  and  a  cap  at  the  o:her  end. 

5-06,  DIVERSION  GATE  DOGOING  AS^EM?LIES.  -Dogs  shall  be  alloy  steel  cast- 
ings and  shall  have  phosnhor  bronze  bushiTigs  pressed  in  and  tOweled.  Pins 
shall  be  alloy  steel  forp'ings,  and  shall  be  drilled,  tapned,  and  grooved  for 
grease  pipe  connections  and'  for  distribution  of  grease  to  the  b'shings.  Push 
rods  shall  be  black  steel  pipe,  'md  minor  fit-^ings  shall  be  carbon  steel  cast- 
ings.  Grease  r  ;  oes  shall  be  3/^"  O.D,  annealed  copper  tubing  with  flared 
joint  r.ferine  &  Refrigeration  type  fittings  and  shall  be  suit-:ible  for  a  cold 
oil  working  pressure  of  2,000  lb.  per  sq.  in.  They  shall  be  equir^ped  Ji:ith 
button-head  type  grease  fit*"ings  of  the  same  size  as  those  on  the  p-ates 
and  which  shall  be  easily  accessible  from  the  tops  of  the  niers.  The  de- 
tails of  the  oper-iting  mechanisms  shall  allow  indenendent  oners.tion  o^   e^ch 
dc^  ar.d  keep  the  pier  nose  tops  clear  =?bove  Elev.  250.3?  in  order  to  per- 
nrit  transporting  the  highest,  diversion  gnte  along  the  ^am.  The  design  of  the 
d.  gging  a-^semblies  shall  be  such  that  the  dog  castings  and  pins  m.ay  b  e  used 
as  part  of  the  nermanent  spillway  gate  dogrine-  assemblies, 

5-07.  G-^^^^'E  ^Ol'.TRESI'OP .  -The  Grease  compressor  shall  be  mounted  on  a 
suitable  2,  3»  or  .'i-wheel  pneumatic-tired  chassis  and  the  entire  unit  shall 
be  easily  transnorted  along  the  d"ck  by  one  man.  Tires  shall  be  of  standard 
commerical  size.  The  compressor  unit  shalT  consist  of  a  single-phase  electric 
r.otor  for  operation  on  110-120  volts,  an  air  comipressor  driven  by  the  motor 
and  grease  reservoir  of  not  less  than  100  pounds  capacity.   A  flexible  grease 
line  termanatine  in  a  valve  and  fitting  for  connection  to  the  r^ate  Tvheel 
lubrication  systems ,  and  long  enough  to  reach  from  the  upstr-^a""  side  of  the 
roadway  to  the  urease  inlet  on  the  low^^'^t  botto-^  rate  section  •f^'^evi    the  cate  is 
closed,  and  to  the  grease  inlet  on  any  diversion  p-nte  section,  shal''  lead  from 
the  errease  reservoir.   All  parts  of  the  system,  shall  be  suitable  for  hand- 
ling the  lubricant  specified  for  the  rate  wheel  lubrication  systems.   There 
shall  be  furnished,  also,  an  -^ir-onerated  grease  gun  for  servicing  the  dogsing 
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assei^blies  which  shall  have  a  grease  capacity  of  not  less  th^n  5  pounds  and 
which  shall  be  equipped  with  an  air  hose  with  connec^tion  to  the  air  compres'^or 
and  necessary  valves  and  fittings  for  connection  to  the  erregse  inlets.   The 
air.  hose  shall  be  long  enough  to  permit  ^ervicinr  the  diversion  «'ate  dog£-ing 
assemblies.  The  grease  gun  shall  be  suitable  for  handling  the  high  pressure 
lubricant  specified  for  bearings  other  than  gate  wheel  bearings.   A  full  com- 
plerrent  of  wrenches  and  any  other  small  tools  necessary  for  normal  itainten- 
ance  of  the  grease  compressor  shall  be  furni.'^hed  with  it.  All  parts  of  both 
grease  systems  shallbe  suitable  for  a  cold  oil  v.'orking  pressure  of  2,000  lbs. 
per  sq.  in.  A  heavy  duty  rubber- covered  flexible  cable  50  feet  long  with 
necessary  fittings  shall  be  T^rovided  for  plugging  in  the  motor  at  the  electric- 
al outlet  on  the  dam.  Suitable  facilites  rhall  be  provided  on  the  chassis 
for  neatly  stowing  the  grease  hose,  air  ho?fe  and  gun,  tools  and  the  power 
cable. 
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Specifications :  Long  Sault  Dam 


SECTiaj  VI 

WcDGE- OPERATING  EQUIP^in^T  -  ELECTRICAL 

6-01.  IwOTORS.  -  Motors  shall  conform  to  the  standards  of  the 
American  Institute  of  Electrical  Engineers  and  of  the  National  Electric 
Ifenufactiirers  Association.  They  shall  be  six  pole,  1/6  H.P.»  continuous 
rating,  440  volt,  three  phase.  60-cycle,  squirrel  cage  induction  motors, 
ratings  according  to  the  Standardization  Rules  of  the  A.I.E.E.   They 
shall  be  totally  inclosed  and  mounted  approximately  as  Siiown  in  drawing  BD-1-40/2, 

6-02.  LIMIT  SWITCHES,  -  Adjustable  limit  switches  snail  be  provided 
for  both  directions  of  travel,  but  other  control  equipment  and  wiring  will 
be  firrnished  by  the  Government.  Spring  stops  for  both  directions  of  travel 
shall  be  provided  such  that  the  torque  at  the  flexible  coupling  shown  in  the 
drawings  will  not  be  more  than  itOO;^  of  the  rated  torque  of  the  motor  when 
the  motor  is  brought  to  a  stop. 
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Speolf ioations:  Long  Sault  Dam 

SECTION  VII 
U/^TERIALS 
7-01.   GENERAL. 

(a)  Materials.  -  All  materials  shall  be  of  new  unused  stook,  and 
free  from  defects.   Substitution  of  size  of  sections  and  materials  from 
that  shovm  on  the  drawings  or  required  in  the  specifications  shall  not  be 
made  except  on  written  approval  of  the  contracting  officer  and  provided 
that  the  cost  to  the  Government  shall  not  be  Increased  thereby. 

Materials  indicated  on  the  drawings  or  required  in  the  work  and 
not  covered  elsewhere  in  these  specifications  by  detailed  requirements,  shall 
conform  to  the  requirements  of  this  section. 

Any  materials  required  which  are  not  covered  by  detailed  speoifloa- 
tions  herein  or  elsewhere  in  the  specifications  slmll  conform  to  the 
applicable  Federal  Specifications,  grade  and/or  class  as  required  or,  in 
case  there  are  no  applicable  Federal  Specifications,  to  applicable  specifica- 
tions of  the  American  Society  for  Testing  Materials  (A.S.T.M.).   In  all 
other  cases  not  specifically  covered  in  these  specifications  the  contractor 
shall  furnish  the  highest  grade  comraeroial  material  or  product. 

(b)  Inspection.  Acceptance  and  Re.jection  of  Materials.  -  All  materials 
shall  be  subject  at  all  times  to  inspection  by  the  contracting  officer  who  will 
select  such  samples  in  such  quantities  as  he  may  deem  necessary  and  subject  the 
same  to  such  tests  as  may  be  necessary  to  determine  their  qualities  as  herein 
specified,  and  he  will  accept  or  reject  materials  in  accordance  with  the  results 
of  such  tests.   Tests  may  be  repeated  upon  arrival  of  the  various  shipments  at 
the  site  of  the  work  as  may  be  necessary  to  insure  the  acceptance  of  only  such 
materials  as  will  comply  with  the  provisions  of  the  plans  and  specifications. 

(c)  Test  Speoiiaens.  -  Special  test  specimens  shall  be  furnished  by 
the  contractor  on  request;  and  shall  be  of  such  shape  and  number  as  designated; 
and  shall  in  general  conform  to  Federal  Specifications  or  the  specifications 
of  the  American  Society  for  Testing  Materials  as  to  shape,  size,  and  method 

of  testing. 

(d)  Mill  Test  Reports.  -  Mill  test  reports  certified  to  by  qualified 
technicians  shall  be  furnished  when  required  for  all  material  entering  into 
this  work  and  will,  in  general,  be  the  basis  of  acceptance  or  rejection  of  the 
materials.   The  contracting  officer  may,  however,  require  of  the  contractor 
special  chemical  or  physical  tests  on  any  part  of  the  material  if  in  his 
opinion  the  conditions  justify  such  a  check. 

(e)  Federal  Specifications.  -  Copies  of  Federal  Specifications 
referred  to  herein  may  be  procured  from  the  Superintendent  of  Documents, 
Government  Printing  Office,  Jfashington,  D.  C,  at  a  price  of  five  or  ten 
cent-  each.  'Hhen   the  term:   "Federal  Specifications"  or  "A.S.T.M.  Specificat- 
ions" Is  cited,  the  reference  shall  be  construed  to  mean  the  specifications 

as  modified  by  an  amendments  promulgated  before  the  date  of  opening  bids  for 
the  contract. 

7-02.   STRUCTURAL  CARBON  STRi^L.  -  Structural  carbon  steel  shall  conform 
to  Federal  Specification  QQ-S-711a  for  "Steel,  Structural;  (for)  Bridges", 
Class  A.   Surface  imperfections  shall  be  remedied  by  arc-welding  and  according 

to  Government  practice.   The  chemical  properties  of  the  steel  shall  be  such 
as  to  permit  it  to  be  readily  welded  by  this  process. 


7-1 


I 


7-03.     RIVET  STEEL.  -  Rivet  steel  shall   conform  to  Federal  Specifica- 
tion QQ-S-711a  for  "Steel,    Structural;    (for)  Bridges",   Class  C, 

7-04.      STRUCTURy^L  SILICO'I  STEEL.   -   Structural  silicon  steel   shall   con- 
form to  the  standard  Specification  of   the  American  Society  for  Testing  tiaterials 
for  "Structural  Silicon  Steel",    Designation  A   94-39. 

7-05.      COPPER-BEARING  STEEL.  -  Copper-bearing  steel   sheets  and  plates 
shall   conform  to  Federal  Specification  QQ-S-711a  for   "Steel,    Structural;    (for) 
Bridges"   Class  B. 

7-06,      ALLOY  STEEL  CASTINGS.  -   Alloy  steel   castings  shall   conform  to   the 
standard  Specification  of  the  A.S.T.M.   for  "Alloy  Steel  Castings  for  Structural 
Purposes",    Designation   A  148-36,   Class  B,   Grade  2. 

7-07,      CARBON  STEEL  CASTINGS.   -  Carbon  steel  castings   shall  conform  to 
Federal  Specification  QQ-S-68la,    for  "Steel;    Castings",   Class  2,   except  where 
shown  otherwise  on  the   drawings  or  called  for   in  these   specifications. 

7-08.      ALLOY- STEEL  FORGIWGS.      -  Alloy-steel  forgings  shall   conform  to 
Tentative  Specificetions  of  the   A.S.T.M.   for   "Alloy-Steel  Forgings  for 
General   Industrial  Use",    Designation  A  237-40T,   Class  E. 

7-09,      CARBON- STEEL  FORGINGS.  -   Carbon-steel   forgings  shall   conform  to 
the  Tentative  Specifications  for  "Carbon-Steel  Forgings  for  General  Industrial 
Use",   Designation  A  235-40T. 

7-10.      BOLTS   AND  NUTS. 

(a)  Unless  otherwise  specified  or  called  for  on  the  drawings,   the 
material    for  bolts   and  nuts  shall  conform  to   the   Standard  Specification  of 
the  A.-S.T.M.    for  "Commercial   Cuality  Hot  Rolled  Bar  Steels",    Designation  A 
107-40,   Grades  22,    23,   24,   or  25. 

(b)  The  material   for  bronze  bolts  and  nuts   shall  conform  to  Federal 
Specifications  QQ-B-636  for  "Brass,   Naval;   Bars,    Plates,   Rods,    Shapes,    Sheets 
and  strips".   Type   I,   half  hard. 

(c)  The  material  for  bolts  and  nuts  of  "high  strength  steel"  shall 
conform  to  the  Tentative  Specification  of  the  A.S.T.y.  for  "Alloy-Steel  forg- 
ings  for  General   Industrial   Use",   Designation  A  237-40T,   Class  D. 

7-11.      ROLLED   STFJ:L  WHEELS. 

(a)     The   steel  for  the  gate  wheels  shall  conform  to   the  Standard 
Specificetions  of  the   A.S.T.M.    for   "Multiple-wear  Wrought  Steel  WTieels" 
Serial  Designation  A  57-39.     The   treads  of  the  v/heels   shall  be  heat-treated 
to  produce  e  Brinell  hardness  of  335   to   375.     The  plate   and  hub  of  the   wheels 
may  show  no  appreciable  hardness  over  the  untreated  condition,  but   the  heat- 
treating  process  shall  be   such  as  to  avoid   the  setting-up  of  internal   stresses 
in  the  plate   of  the  wheel.     The  contractor  shall  furnish   the   contracting 
officer  with  certified  copies  of  charts   showing   the   process  for  each  heat-treat- 
ment of  wheel  material. 

(b)     The  contractor  may  submit  an  alternate   proposal   for  wheel 
material  which  may  be  approved  by  the  contracting  officer,    provided  the  physi- 
cal characteristics   are    comparable  to   those   of  the  material  specified  above. 
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7-12.      ROLLER  BEARING  STEEL.    -  Steel   for  both  rollers   and  races  of  the 
roller  bearings   shall   conform  to   the  Specifications  of  the  Society  of 
Automotive   Engineers,   S.A.E.    number  52100,   or  approved  equal. 

7-13.      DIVERSION   Q^TE  TRACK  RAILS. 

(a)  These   175-po\ind  rails   shall   be  new  and  shall  conform  to  the 
Standard  Specifications  of  the  A.S.T.il.    for   "Open-Hearth  Steel   Girder  Rails 
of   Plain,    Grooved,   and  Guard  Types",    Designation  A  2-27  for  Class  A,   No.    1 
rails  with  the  following  changes   to   sections   thereof. 

(1)  Section  12(a).    -  The   lengths   of  all   rails   shall    be   in 
accordance  with  the   design  drawings. 

(2)  Sections   12(b),    12(c),   and  20(b).    -  These   sections   shall 
be   ineffective. 

(3)  Section  16(a).    -  The   diameter  of  all  bolt  holes   shall 
not  vary  more   than  I/32   inch  over  or  under   that   specified. 

(i|)     Section  16(b).    -   The   location  of  all   bolt  holes   shall 
not  vary  more  than  I/32   inch  either   longitudinally  or  vertically  from   that 
specified. 

(b)  The  length  of  175  lb.    track  rails  which  are  to  be   heat-treated 
shall   be  heated   uniformly  throughout  their  entire   length  and  cross-seotion 

to  above  the  critical   temperature,   queaohed,   and  tempered  to  produoe  a 
Brinell   hardness   of  320   to  350»      Heating,    quenching,   and  tempering  shall   be 
done  with  equipment  which  will   acoommodate   the   entire   length  of  each  pieoe. 
After  heat-treatment,    all   rails   shall  be   smooth  on  the  head,    straight   in 
line  and   surface,    and  without  any   twists,   waves,    or  Icinks. 

7-14*      SFLICB  BARS.    -  All   splice  bars  shall   be  new  and  shall  conform 
to  the  Standard  Specification  of  the  American  Society  for   Testing  Materials 
for   "Low -Carbon -Steel  Joint  Bars",    Designation  A  3"33»   *Qd  shall  be  notched 
where  necessary  to   olear  rail   clips. 

7-l5»     RAIL  CLIPS.    -  Rail   clips   shall  be   either   structural   steel,    forged 
steel   or   cast  steel,    in  accordance  with  the  standard   practice  of  the  contractor, 
and   shall  be   specially  and  accurately   formed  to   permit  the  adjustment  required 
in   setting  the  rail. 

7-16.      COLD  ROLLED  STEEL.    -  Cold   rolled  steel   shall   conform  to   the 
Standard  Specif ioation  of  the  A.S.T.il.    for   "CoDomercial  Cold-Pinished  Bar  Steels 
and  Cold-Pinished  Shafting",    Designation  A  IO8-36,    Grades   1   to   10. 

7-17.      ROLLED  NICKEL  STEEL.    -  Rolled  nickel   steel,    unless   otherwise 
specified,    shall   conform  to  the  Standard  Specification  of  the  k.S.T.U.    for 
"Carbon-Steel  and  Alloy-Steel  Blooms,   Billets,   and  Stubs   for   Porgings", 
Designation  ft  17-29,    Type  B,   Alloy  Steel,    Grade  I3,    Class    I,   with  chemical 
composition  controlled  as   follows: 

Carbon  0.25-0.35t 

Niokel  3.25-3.75t 

Manganese     0. 50-0. 805? 
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The   steel   shall   be  heat-treated  to  produce  the  most  desirable  physical   properties. 
The  yield  point  shall   be  not  less   than  65iOOO   lbs.    per   sq.    in. 

7-18.      CORROSION -RESISTING  STEEL.    -  Corrosion-resisting  steel    shall   conform 
to  Federal  Specification  QQ-S-763  for   "Steel,    Corrosion-Resisting;    Bars   and  Forg- 
Ings",    Grade  6  with  sulphur   content  of  0.18-0. 35  percent  with  phosphorus    .04   (max); 
and  shall   be   free  machining  and  suitable  for   threading  and   upsetting. 

7-19.  TOBIN  BRONZE.  -  Tobin  bronze  shall  conform  to  Federal  Speci- 
fication Q!i-B-636  for  "Brass,  Nav^l;  Bars,  Plates,  Rods,  Shapes,  Sheets, 
and  Strips",    Type  I,    half  hard. 

7-20.  PHOSPHOR  BRONZE.  -  Phosphor  bronze  for  bushings,  unless 
otherwise  specified  shall  conform  to  Federal  Specification  !^Q,-B-691 
for   "Bronze;   Castings",    and  shall   be   "Composition  10". 

7-21.  SELF -LUBRICATING  BUSHINGS.  -  Self -lubricating  bushings  shall 
be  of  the  bronze   and    insert  type,    Lubrite   or   equal. 

7-22.  BUTTON-HEAD  CKEASE  FITTINGS.  -  Button-head  grease  fittings 
shall  be  of  the  giant  industrial  type,  with  3/8"  pipe  threads,  Alemite 
or  equal. 

7-23.  SYNTHETIC  '^.UBBER.  -  Synthetic  rubber  shall  be  "Neoprene"  or 
equal.  The  composition  ^^  the  tread  stock  shall  be  such  as  to  produce 
a  tensile  strength  of  no^  less  than  3tOOO  lbs.  per  sq.  in.,  elasticity 
not  less  than  5'^^tt  and  a  durometer  hardness  of  60  to  67^-  The  composition 
of  the  cushion  stock  shall  be  such  as  to  produce  a  tensile  strength  of 
not  less  than  2,000  lbs.  per  sq.  in.  elasticity  not  less  than  700t  and 
a  durometer  hardness   of  35e   to  47. 

7-24.  RUBBER.  -  Rubber  for  the  diversion  gate  seals  shall  meet  the 
requirements   for   tread   stock   synthetic   rubber    (paragraph  7-23). 
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specifications  for  Long  Sault  Dam 

SECTION  Till  -  TOHCMANSHIP 
8-01.  STRAIGHTENING,  BENDING,  SHEARING  AND  CUTTING. 

(a)  Structural  materials  shall  be  straightened  in  the  shop,  by 
methods  that  will  not  injure  the  metal,  before  being  laid  out  or  worked 
on  in  any  way.  Sharp  kinks  or  bends  shall  be  cause  for  rejection. 

(b)  Curved  members  shall  be  accurately  pressed  or  rolled  to  the 
required  curvature  and  attendant  deformation  of  the  section  shall  be  prevent- 
ed or  corrected.  Heating  shall  not  be  employed  except  -vith  specific  approval, 
and  special  precaution  shall  be  taken  to  avoid  overheating. 

(c)  Shearing,  clipping,  and  cutting  shall  be  done  accurately  and 
neatly  and  all  exposed  edges  shall  be  smooth.  Re-entrant  cuts  and  copes 
shall  be  filleted  before  cutting.   Sheared  edges  of  plates  more  than  5/8" 
thick  shall  be  planed  to  a  depth  of  1/4  inch.  !7here  explicitly  sho^n  on 
approved  shop  drawings,  structural  shapes  and  plates  may  be  cut  by  oxyacety» 
lane  flame  directed  by  machine.  No  material  shell  be  cut  by  the  electric  arc* 

8-02.   RIVET  AND  BOLT  HOLES. 

(a)  Rivet  holes  in  horizontal  and  end  girders,  in  inner  axle  sup- 
ports, and  in  vertical  diaphragms  at  lifting  device  connections  bhall  be 
punched  or  drilled  at  least  3/l6»  smaller  than  the  nominal  diameter  of  the 
rivet  and  reamed  in  assembly  to  a  diameter  l/l6"  larger  than  the  nominal 
diameter  of  the  rivet,  or  shall  be  drilled  full  size  in  assembly.  Holes  in 
the  skin  plate,  stiffeners,  vertical  diaphragms  except  as  noted  above,  and 
minor  parts  may  punched  or  drilled  full  size.   If  the  thickness  of  the  mater- 
ial is  not  greater  than  the  diameter  of  the  holes  plus  l/l6",  the  holes  may 
1)6  punched.  In  thicker  material  the  holes  shall  be  drilled.  Finished  holes 
shall  be  1/16"  larger  than  the  nominal  diameter  of  the  rivets  to  be  used  in 
them.  All  holes  shall  be  accurately  spaced,  cylindrical,  and  perpendicular 
to  the  member.  All  countersinking  shell  be  true  and  square  with  the  hole. 
In  punching,  the  diameter  of  the  die  shall  be  not  more  than  3/3"^*   larger 
than  the  diameter  of  the  punch.  All  holes  shall  be  clean  cut  without  torn 
or  ragged  edges.  All  reaming  and  final  drilling  shall  be  done  with  the  com- 
ponent parts  of  the  member  assembled  and  firmly  clamped  together.  Drilling 
shall  be  done  vith  twist  drills.  Reaming  shall  be  done  with  short  taper 
reamers . 

(b)  If  holes  are  punched  or  drilled  full  size,  the  accuracy  of 
spacing  and  alignment  shall  be  such  that  when  parts  are  assembled  for  rivet- 
ing a  cylindrical  pin  l/l6"  smaller  than  the  diameter  of  the  hole  shall  pass 
through,  perpendicular  to  the  plane  of  the  connection  and  without  drifting, 
not  less  than  75/2  of  any  group  of  contiguous  holes;  and  a  cylindrical  pin 
1/8"  smaller  than  the  diameter  of  the  hole  shall  pass  through,  perpendicular 
to  the  plane  of  the  connection,  lOOj?  of  any  group  of  contiguous  holes.  Holes 
which  require  enlarging  in  order  to  pass  the  rivets  shall  be  reamed, 

(c)  The  accuracy  of  workmanship  of  holes  reamed  or  drilled  after 
assembly  shall  be  such  that  at  least  75%   of  any  group  of  contiguous  holes 
in  the  same  plane  shall  sho»7  no  offset  greater  than  l/32"between  adjacent 
thickness  of  metal,  except  that  holes  for  turned  bolts  shall  be  truly  cylindr- 
ical thix)ughout  and  within  the  limits  and  tolerances  of  the  American  Standards 
Association  for  Metal  Fits,  Class  4»  Snug  Fit.  Wherever  practicable,  both 
drilling  and  finish  reaming  for  turned  bolts  shall  be  done  .with  the  component 
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larta  assembled  and  firmly  clamped   into  position.      If   the  foregoina  procedure 
is  imprecticeble,   drilling  of   the  separate  parts  shall    oe  to  template  and  the 
reaming  done   in  assembly.     After  final   punching,   reaming  or  drilling,   each 
hole  shall  be  gone  over  with  a  satisfactory  tool   removing  all   burrs  and  sharp 
edges. 

8-03.      BOLTS  AND  NUTS. 

(a)  !?xcept  as  otherwise   specified  or  shown,  all  bolts,   nuts,  and 
studs  shall  conform  to  the  American  Standards  Association  requirements  for 
semi-finished  washer-faced,   regular  hexagon  heads  and  heavy  hexagon  nuts,  and 
shall   have  cut  threads,   coarse   thread   series.  Class  3  fi^» 

(b)  TUmed  bolts  shall  meet  all   requirements  of   the  foregoing 
general  specifications  for  bolts  and  nuts.      In  addition,   the  shanks  shall   be 
turned  l/l6"   larger  in  diameter  than  the  nominal  diameter  of  the   thread,    shall 
be   truly  cylindrical  and  within   the  limits  and  tolerance  of   the  American 
Standard  for  Tolerance,  Allowances  and  Gages  for  Ifetal  Fits,  Snug  Fit,  Class  4« 
•rtie  un-threaded  portion  of   the  bolt  shank  shall   be  l/l6"    to  1/8"   longer  than 
the  thickness  of   the  connected  members.     Each  bolt  shall  be  provided  with  a 
steel  washer  1/4"    thick. 

(c)  Bolts  for  connection  of  machine  parts,  or  other  parts  which  are 
to  be  removable,    including  seals,    shall  have  nuts  of  tobin  bronze. 

8-04.     RIVETS  AND  RIVETING.    -  Rivets   shall  have  a  noninal  diameter  of  at 
least  7/8"   except  as  authorized   ty  the  contracting*  officer.     The  nominal 
diameter  shall   be  the  actual  size  of   the   cold  rivets  before  heating.     All 
connections  shall  be  accurately  and  securely  fitted  up  before   the  rivets  are 
driven.     Drifting   done  during  assembling  shall   be  only  such  as  to  bring  the 
parts  into  position  and  not  sufficient  to  enlarge   the  holes  or  distort  the 
metal.     Rivets   shall   be  driven  by  direct-acting  riveters  where  practicable 
and  the  riveters  shall  retain  the  pressure  after   the  up-setting   is  completed. 
Where  necessary  to  drive   rivets  with  a  pneumatic  hammer,  a  pneumatic  bucker 
shall   be  used  for  holding  up  where  practicable.     Rivets  shall  be   heated 
uniformly   to  a  light  cherry-red  color  end  driven  while  hot.     Ttiey  shall  not 
be  burned  or  over-heated.     When  heated  and  ready  for  driving  they  shall   be 
free  from  slag,    scale,  and  other  adherins  matter.     When  driven  they  shall 
completely  fill   the  holes.     Heads   shall  be  of  an  approved  shape,   of   full 
and  equal   sizes,   free  from  fins,  concontric  with  the  shanks,   shall  have  full 
contact  with  the  surface  of   the  member,  and  shall  grip   the  assembled  parts 
firmly  together.     Unless  otherwise  specified  or  authorized,    counter-sunk 
rivets  shall  be  chipped  or  ground  flush.     Loose,   burned,   badly  formed,    or 
otherwise   defective  rivets  shall  be  replaced.      In   removing  defective  rivets 
care   shall  be   taken  not   to   injure   the  adjacent  metal  and,    if  necessary,    they 
shall   be  drilled  out.     Calking  or  recupping  of  defective  rirets  will  not  be 
permitted.     In  any  case  when  a  cold  rivet  of   tli©  size  specified  cannot   be 
entered  with  light  tapping,    the  hole   shall   be  reamed  with  a   twist  reamer. 

8-05.     ^"iLDL^IG. 

(a)  Welding  will  be  permitted  only  where  specifically  called  for 
on  the  drawings  or  authorized  by  the  contracting  officer.  All  welding  shall 
be  done  by  the  electric  arc  method  using  a  process  which  will  exclude  the 
atmosphere  from  the  molten  metal,  llie  following  requirements  as  to  wolding 
procedure  apply  specifically  to  hand  welding.  Mb  chine  welding  processes 
and  procedures  will  be  permitted  as  specifically  authorized  by  the  contract- 
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ing  officer.  All  jyelding  except  as  otherwise  specified  shall  be  done  in 
accordance  with  the  applicable  current  Codes,  Specifications,  and  Recom- 
mended Practices  of  the  American  Welding  Society, 

(b)  Parts   to  be  welded   shall  be  rigidly  held  by  sufficient  clamps 
or  other  adequate  means  to  keep  the  perts  in  close  contact  and  in  accurate 
position.     Adequate  precautions  shall  be  taken  to  minimize  locked-up  stresses 
and  distortion  due   to  heat.     Each  pass  of  all  welds  shall  be  thoroughly 
peened  while  hot  with  a  pneumatic  tool   for  the  Purpose  of  relieving  localized 
velding  stresses. 

(c)  Fillet  welds  in  sizes  up  to  1/4"   shall  be  mfde  in  one  pass, 
and  larger  v/elds  shall  be  made  in  two  or  more  passes.     Successire  beads  or 
layers  shall   bo  uniform  in  thickness.     Each  layer  of  weld  metal   shall  be 
thorou^ly  cleaned  before  subsequent  layers  are  deposited.     Upon  conipletion, 
each  weld  shall  be   thoroughly  cleaned  and  brushed  with  wire  brushes,   and 
extraneous  nodules  of   veld  metal   shall  be  removed  by  chipping. 

(d.)     Wherever  there  is  danger  of  the  assembled  structure  or  member 
becoming  warped  or  distorted  by  localized  welding  stresses,   the  welds  shall 
be  thoroughly  peened  with  a  pneumatic   tool    to  relieve  such  stresses..  Peen- 
ing  for  this  purpose  shall  be  done  wherever  directed  by  the  contracting 
officer. 

(e)  All   welds  shall  be  free  from  xinsound  metal,   cracks,  overlap, 
and  feather  edges.     Minor  imperfections  in  welds  may  be  chipped  out  and  the 
defect  rewelded,   subject  to  approval.     Distortions  due  to  welding  or  stress- 
relieving  shall   be  corrected  by  pressing  and  not  by  blows. 

(f )  Welding  shall  be  done  only  by  welders  properly  qualified  in 
the  work  of  the  actual  process   employed.     The  contractor  shall   assign  to  each 
welder  an  identifying  nu]i4)er,   letter  or  symbol,  which  shall  be  stamped  in  the 
metal  adjacent  to  end  at  intervals  of  not  more  than  three  feet  along  all  welds 
which  he  makes.     Before  beginning  the  production  of  welded  work,    the  contr- 
actor shall   furnish  to   the  contracting  officer  satisfactory  evidence,   in  the 
form  of  a  certificate  by  a  recognized  testing  agency  or  by  actual  demonstra- 
tion,   that  each  welder  to  be  employed  on  the  woric  of  this  contract  has  within 
one  year  of  tiie  date  of  the  contract  satisfactorily  performed  the  qualifica- 
tion tests  prescribed  by  the  American  Welding  Society  in  its   "Code  for  Fusion 
Welding  and  Gas  Cutting  in  Building  Construction*   (Latest  Edition),  using  the 
detailed  procedure   to  Ue  followed  in  actual  production  under  this  contract. 
Expense  of  any  tests  necessarily  performed  under  this  provision  shall  be 
borne  by   the  contractor.     The  contractor  shall   require  any  welder  to  repeat 
these  tests  when  the  opinion  of   the  contracting  officer  the  work  indicates 

a  reasonable  doubt  of  the  welder's  efficiency, 

8-06.     GIRDER  HJD  CONNECTIONS  AND  STimUERS. 

(a)  "Bie  end  connection  angles  of  all  horizontal  girders  shall  be 
fitted  to  a  bearing  against  the  flanges  of  the  girders.     Ite  faces  of  the 
outstanding  legs  of  the  connection  angles  shall  be  milled  to  a  true  bear- 
ing against  the  webs  of  liie  vertical   end  girders  and  sufficient  extra   thick- 
ness of  connection  angles  shall  be  allowed  for  milling. 

(b)  Stiff eners  need  not  bear  against  the  flange  angles  but     shall 
fit  within  l/32\ 

8-O7.     CASTINGS.   -  fhe  design  of  all   castings  shall  be  such  as  to 
minimize  cooling  stz*esses.     Unfinished  edges,  ribs,  and  similar  parts  shall 
be  cast  with  rounded  comers  and  all  inside  angles  shall  have  ample  fillets* 
All  bolt  heads  and  nuts  shall   bear  on  finished  seats  at  90  degrees  to  the 
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axis  of  the  bolts.  All  Castings  shall  be  cleaned  and  fins  and  other  ir- 
regularities removed.   Castings  to  b  attached  to  structural  steel  work 
shall  have  contact  surfaces  finishea.  Other  surfaces  shall  be  finished 
.vhere  indicated  by  good  practice  and  by  the  design  of  the  structure  or 
device  of  vhich  the  casting  is  a  part. 

8-08.  RAILS. 

(a)  Rails   shall   be  straight   in  line,   .vithout   t./ists,  waves  or 
kinks,   and   shall  be  smooth  on  the  heads.     Ends  shall  be  milled  square  and 
the   rails  matched  for  height  at  the   splices.      If  necessar^    to  secure  a 
smooth  joint   the  heads  may  be  machined  3"  back  from   the  splice.     After 
matching,    the   rails  shall   be  match-marked    to   insure  assembly  of  the  proper 
pieces   in   the  field.      Flame  cutting  of  rails  .vill  be  permitted,    if  machine 
guided,   and  provided  1/3"   stock   is  left  on  material   for  finishing, 

(b)  Rail   fittings   shall  not   interfere  v/ith   the   free  entrance  or 
movement  of   the  gate. 

8-09.      SHOP  ASSETvTBLY  Aj^JD  PREPARATION  FOR  SHIPMENT. 

(a)  The  gate  sections    .-hi en   are   completely  shop  fabricated  shall 
have  all   equipment  properly  attached  and  adjusted  in   the  shop,   after    /hich 
the  seals  and  any  other  parts  or  equipment,    liable   to  damage  in  shipment 
shall  be  removed,   marked   to   identify  them  v/ith   the  proper  gate  section  and 
boxed  or  crated   to  protect  them  from  damage  in  transit.     Wheels  shall   be 
aligned  and  axle  lugs  attached,   greasing  systems  connected  and  filled  ./ith 
grease,    and  lifting  and   coupling  devices   installed,   .v edged,  and  blocked   to 
prevent  movement  or  damage. 

(b)  The  gate   sections   vhich.are   to  be  spliced  in   the  field  shall 
be   completely  assembled  in  the   shop  with  holes  for  field   connections  reamed 
and  bolted   vith  turned  bolts  and    »ith  .;heel   assemblies,    seals,   heaters,   and 
lifting  and   coupling  devices   in  place.     After  inspection  and  approval  by   the 
authorized  representative  of   the   contracting  officer,    the  spliced  parts   shall 
be  marked  for  identification  and    the  gate  section  taken  apart   for  shipping. 
Each  wheel  assembly  and  each  lifting  and  coupling  device,   with  all   connections 
and  accessories,    shall  be   individually  boxed  and  marked  for  identification 

as   veil   as  seals,    lubrication  pipes  and  fittings,   and  any  other  parts  liable 
to  damage  in   transit.      Thie  lifting  beam  shall  be   completely  shop-fabricated 
and  shipped  in  one  piece  with  the  lifting  and   coupling  devices  .'/edged  and 
blocked  to  prevent  raovaiient  or  damage. 

(c)  Each  dogging  assembly  shall   be   completely  assembled   in   the 
shop  and,   after  inspection  and  approval,    the  pieces  shall  be  marked  or  tag- 
ged for  field  assembly  and  pieces  liable  to  damage  during  transit  boxed  or 
crated. 

(d)  Track  rails   shall  have  splices  assembled  in   the  shop  and   the 
spliced  pieces  match-marked  for  field  assembly.     Bolts,   studs,   pipe  sleeves, 
clips,   splice  bars,    and  other  small  parts   shall  be  boxed  for  shipment. 

(e)  Each  box  pr  crate  shall   contain  all   parts  necessary  for  field 
connection  of   the  equipment   contained  in  it  and  shall  have  a  list  inclosed 
shoving   the   entire   contents. 

(f)  All  marks   shall  be  in  accordance  with  approved  assembly  draw- 
ings,  shall  be  clearly  legible  and  so  placed  as   to  be  visible  :7hen  the  part 
is  being  erected   in   the  field.      Each  piece    veighing  more   than  one   ton  shall 
have   the  approximate   veight  marked   thereon.      Connecting  parts  assembled   in 
the  shop  shall,  before  dismantling  for  shipment,  be  match-marked   to   facilitate 
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field  erection, 

(g)  The  contractor  shall  prepare  all  materials  and  articles  for 
shipment  in  such  manner  as  to  facilitate  handling  and  to  protect  them  from 
damage  in  transit  and  shall  be  responsible  for  and  make  good  any  and  all 
damage  due  to  improper  preparation  and  loading  for  shipment.  All  threads 
and  finished  surfaces  shall  be  protected  as  specified  in  Section  IX. 

8-10.   TOLERANCES  AND  FITS. 

(a)  General .  -  Fits  shall  be  in  accordance  with  applicable  require- 
ments of  the  Americ;^n  Standards  Association  for  Metal  Fits. 

(b)  Gates  and  Lifting  Beam.  -  The  overall  width  of  any  gate  section 
as  represented  by  the  distance  bet.veen  outside  faces  of  the  vertical  end 
girder  v/eb  plates  measured  at  any  point  in  the  height  of  a  gate  section  shall 
not  vary  from  that  called  for  on  the  drawings  by  more  than  1/8"  plus  or  minus. 
In  an  individual  gcte  section,  the  maximum  horizontal  distcnce  between  out- 
side faces  of  the  vertical  end  girder  webs  shall  not  exceed  the  minimum  by 
more  than  1/8".  The  vertical  end  girder  /.ebs  shall  be  straight  and  perpend- 
icular to  the  skin  plate. 

The  overall  height  of  any  gate  section  shall  be  as  called  for  on 
the  drawings  with  a  tolerance  of  1/4"  plus  or  minus. 

Each  gate  section  shall  be  truly  rectangular  -vithin  the  limits 
imposed  by  the  tolerances  permitted  above. 

The  outside  surface  qf  the  skin  plate  of  etch  gate  section  shall 
be  a  true  plane  with  a  tolerance  of  1/4"  plus  or  minus,  which  tolerance 
shall  include  the  standard  mill  variation  in  plate  thickness. 

The  axis  through  the  centers  of  each  pair  of  wheel  axle  holes 
on  a  gate  section  shall  be  at  90  degrees  to  a  plane  perpendicular  to  the 
skin  plate  and  containing  the  vertical  center  line  of  the  gate,  with  a  toler- 
ance not  exceeding  no  degrees,  three  minutes,  thirty  seconds  (0°  3'  30")  ^^ 
any  direction.  All  axle  holes  shall  be  on  the  "ITheel  Center  Line"  as  shown 
on  the  drawings  .vith  a  tolerance  of  0,020"  either  way, 

Ite  accuracy  of  workmanship  shall  be  such  that  when  the  wheels  arc 
aligned,  the  distance  from  the  contact  surfaces  of  the  /heel  treads  to  the 
face  of  the  vertical  seal  support  shall  not  vary  from  the  nominal  dimension 
by  more  than  1/8"  plus  or  minus. 

The  distance  from  the  outer  face  of  the  vertical  end  girder  web 
plate  to  the  outer  face  of  the  support  for  the  inner  end  of  the  axle  at  any 
wheel  shall  not  vary  from  the  nominal  dimension  by  more  than  1/64"  plus  or 
minus.  Ttie  face  of  the  support  shall  be  spot- faced  at  the  axle  hole  to 
furnish  a  bearing  seat  for  the  shoulder  on  the  inner  end  of  the  axle. 

Axle  holes  in  both  the  end  girder  and  in  the  inner  axle  support 
shall  have  free  fit  on  the  axle.  Wheels  shall  be  trvily  circular  at  the 
tread.   Ibe  tread  diameter  shall  be  30"  *ith  tolerance  of  0.01"  plus  or 
minus.   The  flange  diameter  shall  be  32"  with  a  tolerance  of  l/l6"  plus  or 
minus.  Wheel  treads  shall  be  4i"  *ide  .vith  a  tolerance  of  0.005"  plus  or 
minus.  Contour  of  the  tread  and  flanges  shall  be  suitable  for  use  on  the 
175-pound  crane  rail  used  for  the  gate  track.  The  distance  from  the  center 
of  the  wheel  tread  to  the  outside  of  the  hub  cover  shall  be  not  greater 
than  5-3/4";  and  to  the  outside  of  the  bearing  seal  cover  not  greater  than 

51". 

Ifolding  bolts  for  the  bearing  seal  and  hub  covers  shall  have  free 
fit  in  the  holes.   The  position  of  the  centers  of  the  lifting  hooks  and 
coupling  devices  on  any  gate  sectioxi  shall  not  vary  more  than  1/8*  plus  or 
minus  from  their  nominal  position  as  measured  from  the  vertical  center  line 
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of   the  ^r te  or  more   than  I/16"   plus  or  minuj  from  their  nominal   position 
as  measured   from  the  downstream  face  of   the  skin  plate.     The  position  of 
the  coupling  devices  on   the  lifting  beam  shall  bo  on   the  lonc;,itudinal 
center  line    vithin  I/16"   in  either  direction  and  shall   not  vary  more  than 
1/8"  plus  or  minus,    from  the   nominal   position  as  mecsured  from   the  center 
line  of  th-  beam. 

Guide  pins   shall  hcve  sufficient   taper   to   enter  the  guide   sockets 
"ith  enple  cleorance    /hile  the  gate  sections,   or  gate   section  and  lifting 
been,   are  at   the  maximum  limits  of   their  sidewise  movements  in  opposite 
directions;    c^nd  shall   hcve  close  en:-ugh  clearance    vhen  entered   to   center 
the  gate   sections,   or   the  gate   section  and  3  if  ting  beam,   and  alloi'   the 
coupling  device  to  operate  freely. 


8-6 


Specifications:  Long  Sault  Dam 

SECTION  IX  -  PAINTS  AND  PAINTING 

9-01.  GENERAL.  -  Unless  otherwise  specified  or  authorized,  all  paint 
materials  shall  conform  to  the  current  Federal  specifications  wherever  appli- 
cable. Where  Federal  specifications  are  not  applicable,  material  shall  be 
as  specified,  or  otherwise  subject  to  the  approval  of  the  contracting  officer. 
All  paint,  when  applied,  shall  provide  a  satisfactory  film  and  a  smooth  oven 
surface,  except  when  sand  reinforced,  and  undercoats  shall  dry  without  exces- 
sive gloss,  suitable  for  the  proper  application  and  adhesion  of  subsequent 
coats,  as  approved  by  the  contracting  officer.  Where  necessary,  in  the  opinion 
of  the  contracting  officer,  to  suit  the  conditions  of  surface,  tenperature, 
and  weather  existing  at  the  particular  time  of  application,  the  packaged  paint 
may  be  thinned  by  the  addition  of  not  more  than  one  pint  per  gallon  of  mineral 
spirits  immediately  prior  to  application,  provided  that  in  no  case  shall  the 
viscosity  of  the  paint  be  reduced  to  a  point  where  the  specified  maximum  cover- 
ages will  be  exceeded. 

9-02.  SURFACE  CLEANING  AND  PREPARATION. 

(a)  Cleaning.  All  ferrous  surfaces  to  be  painted  shall  be  thor- 
oughly cleaned  of  all  millscale  and  other  foreign  substances  to  base  metal 
by  sandblasting  or  any  other  method  approved  by  the  contracting  officer. 

(b)  Protection  of  Surfaces.  Care  shall  be  taken  to  adequately  pro- 
tect all  machinery  parts,  threads,  and  finished  surfaces  during  cleaning  and 
preparation. 

(c)  Inhibition.  All  surfiaces  cleaned  by  sandblasting  or  equally 
effective  method,  shall  be  treated  with  a  chemical  rust  inhibitor  (paragraph 
9-06).  As  soon  after  cleaning  as  practicable,  and  prior  to  formation  of  any 
forms  of  corrosion  from  atmospheric  moisture,  or  other  causes,  the  inhibitor 
shall  be  applied  by  brush  and  permitted  to  dry.  This  chemical  inhibitor  how- 
ever, shall  be  applied  only  under  conditions  such  that  the  temperature  of  the 
surfaces  to  which  applied  and  the  air  in  contact  therewith,  are  between  50 
degrees  F.  and  110  degrees  F.  in  order  to  insure  proper  chemical  reaction  with 
the  metal.  After  drying,  any  unneutralized  reactive  residue  on  the  surfaces 
shall  be  removed  by  thorough  wiping  with  wet  cloths  and  the  surfaces  redried. 
The  inhibited  surfaces  shall  be  thoroughly  brushed  with  a  broom  to  remove  the 
dry  dusty  reaction  product  and  be  given  a  standard  priming  coat  of  paint,  as 
indicated,  as  soon  thereafter  as  practicable,  but  in  any  event  prior  to  deter- 
ioration or  destruction  of  the  inhibited  surface.  Should  the  inhibited  surface 
be  damaged  or  destroyed  at  any  point  by  any  means  whatsoever  the  surfaces  shall 
be  cleaned  and  retreated  in  approved  maimer  prior  to  application  of  the  paint, 

9-03.   PAINT  APPLICATION. 

(a)  All  painting  shall  be  done  in  a  neat,  thorough,  and  workmanlike 
manner.  Except  where  otherwise  specified  or  specifically  directed,  all  paint 
coats  shall  be  applied  by  either  brush  or  spray  in  such  manner  as  to  produce 
an  even  coating  of  uniform  thickness  completely  coating  all  corners  and  crevices. 
All  painting  shall  be  done  Ly  thoroughly  experienced  workmen.  Care  shall  be 
exercised  during  spraying  to  hold  the  nozzle  sufficiently  close  to  the  surfaces 
being  painted  to  avoid  excessive  evaporation  of  the  volatile  constituents  and 
loss  of  material  into  the  air.  Paint  shall  be  applied  only  to  surfaces  that 
are  thoroughly  dry  and  only  under  such  combination  of  humidity  and  temperatures 
of  the  atmosphere  and  surfaces  to  be  painted  as  will  cause  evaporation  rather 
than  condensation.  A  practical  test  is  to  wipe  a  damp  cloth  on  the  surface  to 
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be  painted.  If  the  moist  streak  dries  promptly,  conditions  conducive  to  erap- 
oration  prevail.   In  no  cases  shall  any  paint  be  applied  to  surfaces  upon  which 
there  is  frost  or  moist  are  condensation,  or  during  rainy  or  misty  weather,  with- 
out suitable  protection  as  approved  by  the  contracting  officer.  Painting  during 
unfavorable  weather  conditions  shall  be  carried  on  under  a  protective  covering. 
\Wiile  any  painting  is  being  done,  the  temperature  of  the  surfaces  to  be  painted 
and  of  the  atmosphere  in  contact  therewith  shall  be  maintained  at  or  above  5^ 
degrees  F.  All  paint  when  applied  shall  be  approximately  (within  fifteen  de- 
grees of)  the  temperature  as  that  of  the  surface  on  which  it  is  applied.  Where 
protection  is  provided  for  paint  surfaces,  such  protection  shall  be  preserved 
in  place  until  the  paint  film  has  properly  dried  and  removal  of  the  protection 
is  authorized  by  the  contracting  officer,   "orking  parts,  hardware,  and  other 
surfa.ces  not  required  to  be  painted  shall  be  cleaned  and  protected  to  the  satis- 
faction of  the  contracting  officer. 

(b)  Coverage.  -  The  surface  area  covered  per  gallon  for  each  type 
of  paint  specified  shall  be  not  greater  than  425  square  feet  per  gallon. 

9-04.   PRIMING  COATS. 

(a)  Un  pa  in  ted  Sxxrfaces.  -  Non-ferrous  metal-coated  surfaces  machined 
surfaces,  surfaces  requiring  welding,  and  surfaces  which  will  be  in  riveted  con- 
tact shall  not  be  painted.  All  other  ferrous  surfaces,  unless  otherwise  speci- 
fied shall  receive  one  priming  coat  of  Synthetic  Red  Lead  Primer. 

(b)  Structural  Parts  shall  receive  one  shop  priniing  coat. 

(c)  Spillway  Gates  shall  be  painted  with  two  shop  coats  of  primer. 

(d)  Machinery  end  Mechanical  Equipment  (except  threads  and  finished 
surfaces)  shall  receive  one  shop-priming  coat. 

(e)  Exterior  Electrical  Eouipment  shall  receive  one  shop-priming 
coat,  except  that  enclosing  cabinets  and  cases  shall  be  given  two  shop-priming 
coats  on  the  inside  and  one  shop-priming  coat  on  the  outside.  All  cast  metal 
surfaces  requiring  painting  shall  be  smoothly  finished  with  an  approved  filler 
prior  to  the  application  of  paint. 

(f)  Machines  Surfaces  shall  immediately  after  final  inspection  be 
thoroughly  cleaned  of  all  foreign  matter  and  coated  with  a  heavy  film  of  Rust 
Preventive  Compound,  U.  S.  Army  Specification  2-84A. 

(g)  Screw  Threads  shall  be  protected  by  a  coating  of  heavy  oil. 

9-05.   PiilNTS  AND  PAINT  FORMULAii.  - 

(a)  General.  -  Paints  shall  have  the  composition  as  indicated  below 
or  as  otherwise  approved  by  the  contracting  officer.  All  paints  shall  be  guar- 
anteed by  the  manufacturer  not  to  gel,  liver,  or  thicken  deleteriously  or  form 
gas  in  a  closed  container  within  a  period  of  one  year  from  date  of  manufacture. 

(b)  Processing  of  Paints. 

(1)  Except  where  otherwise  specified  or  authorized,  all  paint 
shall  be  made  by  grinding  together  dry  or  paste  pigments  and  a  liquid  vehicle 
to  form  a  smooth  paint  that  will  flow  freely  and  will  not  settle  or  react  de- 
leteriously in  containers. 

(2)  Grinding  shall  produce  a  fineness  such  that  coarse  particles 
and  skins  will  not  exceed  1^5  percent  (total  residue  left  on  No.  325  mesh 
screen,  based  on  pigment).  The  grinding  shall  be  done  on  a  roll  or  pebble  mill 
at  temperatures  that  will  not  cause  polymerization. 

(3)  Skinning  shall  be  negligible  after  exposing  6  ounces  of 
paint  in  a  tightly  closed  8-ounce  glass  container  to  sunlight  for  a  total  time 
of  24  hours. 
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(4)  The  resulting  paint  shall  have  satisfactory  brushing  and 
leveling  properties,  shall  set  to  touch  in  not  less  than  one  hour  nor  more 
than  four  hours,  unless  otherwise  specified,  and  shall  provide  a  satisfactory 
film  and  a  smooth  even  surface  without  undue  gloss,  suitable  for  proper  appli- 
cation and  adhesion  of  subsequent  paint  coats,  as  approved  by  the  contracting 
officer.  Sufficient  suitable  driers  shall  be  added  to  make  the  paint  dry 
hard  within  18  hours, 

(3)     In  view  of  potential  variations  resulting  from  variable 
processing  equipment  and  technique,  the  manufacturer  may  be  allowed,  where 
necessary  to  produce  the  specified  viscosities,  to  make  slight  changes  in  formula 
proportions,  subject  to  specific  approval  of  the  contracting  officer. 

(c)  Synthetic  Red  Lead  Primer  shall  be  composed  of  materials  con- 
forming, where  applicable,  to  the  specified  requirements  and  mixed  in  the  pro- 
portions as  follows: 

Read  Lead ......  l6,3%   by  weight 

Iron  Oxide ~ 38.25C 

Zinc  Yellow _..-. ^,^% 

Diatomaceous  Silica  -.--.---..----------  6. 05? 

Vehicle  (see  par.  9-07) 28.05? 

Thinner -.-- ..  .... ^.Q^ 

The  paint  shall  have  a  consistency  of  flow  of  between  25  and  40  seconds  through 
the  0.13  inch  diameter  orifice  of  a  standard  consistency  cup  when  tested  in 
accordance  with  the  procedure  specified  in  paragraphs  9  ^^^   lO  of  A.S.T.M. , 
Specification  D  333-37   for  "Methods  of  Testing  Nitrocellulose  Clear  Lacquers 
and  Lacquer  Enamels."  It  shall  have  satisfactory  brushing  and  leveling  pro- 
perties, shall  set  to  light  touch  in  not  less  than  2  hours  nor  more  than  5 
hours,  and  shall  dry  hard  for  recoating  in  not  more  than  18  hours,  when  tested 
in  accordance  with  paragraph  P-2d  of  Federal  Specification  TT-V  8la,  entitled 
■Varnish;  Mixing  (for)  Aluminum  Paint."  The  vehicle  shall  be  a  synthetic  resin 
varnish  consisting  of  aphenol  foraialdehyde  resin  'vith  the  necessary  oils  and 
volatile  thinners  to  produce  elasticity,  water-proof ness*  «dher«no*«  and  dura- 
bility in  the  finished  paint  film.  It  shall  meet  the  detailed  requirements  of 
paragraph  9-07. 

9-06.  CHETflCAL  RUST  INHIBITOR,  to  be  used  where  specified  or  required, 
shall  be  an  approved  compound  of  water,  a  wetting  agent,  a  viscosity  agent, 
phosphoric  acid,  and  sodium  dichromate.  The  concentration  of  the  solution  at 
the  time  of  application  shall  be  such  that  the  Orthophosphoric  acid  (HoPO/i) 
content  shall  be  between  7.0  and  9.0  percent  (by  weight)  and  the  Sodium  Dich- 
rcmate  approximately  0.75  percent.  Commercial  chemical  rust  inhibitors  of  com- 
position somewhat  different  from  this  may  be  acceptable  in  lieu  thereof,  sub- 
ject to  approval  by  the  contracting  office  of  results  of  approved  tests  showing 
that  the  inhibitor,  when  applied  in  accordance  with  instructions  of  the  manu- 
facturer, will  identically  affect  ferrous  surfaces  as  the  specified  compound 
in  the  following  ways: 

(a)  Chonically  react  with  rust  and  surface  metal  to  etch  the  surface, 
fonn  a  dull  grayish  coating  of  iron-chroma te-phosphate,  and  produce  a  rush- 
inhibited  surface  receptive  to  the  firm  bonding  of  the  priming  paint. 

(b)  After  initially  being  thoroughly  dried,  the  inhibited  surface 

shall  show  no  deleterious  rusting  when  subjected  to  light  rain  or  to  other 
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dampening  agency  for  a  period  of  not  less  than  4  hours. 

(c)     Leave  no  unneutralized  active  chc.uicals  on  the  surface* 

9-07.     PHiWOLIC  RESIN  VARNISri  "Tj^ICUi.  shall  confom  to  the  following 
requirements; 

(a)  Oil-resin  ratio  shall  be  J^  gallons  of  oil  to  100  pounds  of 
resin. 

(b)  Shall  be  clear  and  transparent  and  entirely  free  fr<»Q  resin, 
esterguin,  or  other  non-phenolic  resins.  Not  less  than  50  percent  by  weight 
of  the  vehicle  shall  consist  of  non-volatile  oil  and  resin* 

(c)  The  resin  content  shall  be  100  percent  para-phenyl  phenoform- 
aldehyde  condensate  siiailar  and  equal  to  Bakelite  BR  254»  ®iid  shall  conform 
to  the  current  U.  S.  Navy  Department  Specification  52R10  entitled   "Resin- 
Phenol-Forma Idehyde . » 

(d;     The  volatile   thinner  shall  contain  not  more   than  80  percent 
mineral  spirits  and  not   less   than  20  percent  high  flash  coal  tar  naphtha  or 
high  flash  hydrogenated  petroleum  naphtha  and  shall  be  free  from  oxic  hydrocar- 
bons such  as  benzol* 

(e)  The  oil  content  shall  be  a   ternary  oil  mixture  cotaposod  of 
1^0%  littseed,   305?   liquid  oiticica,  and  30%  "dehydrated"  castor  oil* 

(f)  The  flash  point  shall  be  not  below  30  degrees  C.  in  a  closed 
cup  test-r. 

(g;     Shall  pass  a  Kauri  Reduction  Test  of  120  percent,   usin^  the 
method  described   in  paragraph  F-2g,   Federal  Specification  TT-V-81,   for 
■Varnish;  Mixing  (for;  Aluminum  Feint." 

(h)  Shall  show  no  skinning  after  4S  hours  in  a  3/4  filled,  ti^ht 
cont^iaar. 

(i)     Flow-out  films  on  tin  plate  panels  dried  72  hours  shall  with- 
stand immersion  in  cold  water  for  9^  hours,  and  in  distilled  water  at  200 
degrees  F.   for  7  hours  without  showing  more  than  a  slight  haze  which  shall 
disappear  within  one  hour,  and  shall  show  no  other  signs  of  deterioration* 
The  panel  shall  be  allowed  to  dry  and  cool  for  I3  minutes  after  removal  from 
hot  water  and  shall  then  be  inspected  for  signs  of  failure. 

9-08.     FIGMIlNTS. 

(a)  Carbon  Black  shall  conform  to  either  Federal  Specification 
TT-B-601,  entitled  "Boneblack;  Dry,  Paste-in- Japan,  Paste-in  Oil"  or  Federal 
Specification  TT-L-71  entitled  "Lampblack;  Dry,  Paste-in- Japan,  Paste-in-Oil." 

(b)  Lead  Titanante  shall  be  similar  and  equal  to  Titaaox  "L"  as 
manufactured  by  the  Titanium  Pigment  Corporation. 

(c)  Red  Lead  shall  conform  to  Federal  Specification  TT-R-191a 
(97)  percent  Grade  for  "Red  Lead;  Dry  and  Faste-in-Oil." 

(d)  Iron  Oxide  shall  contain  not  less  than  96  percent  Fe203  and 
shall  not  contain  any  organic  coloring  matter* 

(e)  Diatomaceous  Silica  shall  be  an  approved  comnercial  grade. 

(f)  Zinc  Yellow  shall  contain  not  less  than  40  percent  CrOo.  It 
shall  be  a  basic  zinc  potassium  chroma te,  soluble  in  acetic  acid,  free  from 
lead  compounds,  and  containing  no  added  zinc  oxide,  and  shall  be  stable  or 
non-reactive  with  the  pigments  and  vehicles  specified. 

(g)  Titanium  Dioxide  shall  be  similar  and  equal  to  either  "Ti-Pure 
0"  as  manufactured  by  Krebs  Pigment  &  Color  Corporation  or  "Titanox  NC"  as 
manufactured  by  the  Titaniisn  Pigment  Corporation* 
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9-09.  THINNERS  AND  SOLVENTS. 

(a)  Mineral  Spirits  shall  have  the  following  properties: 

Gravity  ---------------  43-47  degrees  Baume 

Flash  Point  (Closed  cup)  ------  -100  degrees  F.  Min. 

Initial  Boiling  Point  --------  30O-3IO  degrees  F. 

End  Point  --------------  405  degrees  F.  Max. 

A.S.T.M.  Copper  Strip  Test  -  -  -  -Negative 

Solvency  (Kauri-Eutanol)  ------  -41  cc  (a)  77  deg.  F. 

Min. 

(b)  Dipentine  shall  have  the  following  properties: 

Maximum   Minimum 

Specific  Gravity  at  13.3   deg.  C.  0.554     O.845 

Refractive  Index  at  20  deg.  C.  1.477     1-472 

Unpoljinerized  Residue  (percent)  2.5 
(38N  Hir^4 

A.  S.  T.  F.  Distillation  Range: 

3%  Dia tilling  at-----------  173  degrees  C. 

10%  Distilling  at--  -------  175  degrees  C. 

97%  Distilling  at I88  degrees  C. 

Color-Lovibond  50O  Amber  ---------   3 

Appearance:  Clear  and  free  from  suspended  matter. 

(c)  Tolui:!  shall  conform  to  U.  S.  Navy  Department  Specification 
52T7  entitled  "Toluene  (Toluol)*,  except  that  it  shall  have  a  solvency  (Kauri- 
Butanol  ^thod)  of  not  less  than  100  cc.  at  77  degrees  F. 

(d)  Xylol  shall  conform  to  A.S.T.M.  Specification  D364-36  for 
■Industrial  Xylene  (Xylol)  or  'Solvent  Naphtha'",  except  that  it  shall  have 
a  solvency  (Kauri-Butanol  Method)  of  less  than  93  cc.  at  77  degrees  F. 

(e)  Normal  Butyl  Alcohol  (Eutanol)  shall  conform  to  A.S.T.M. 
Specification  D304-33  for  "Butanol  (Nomal  Butyl  Alcohol)." 

(f)  Ethylene  Glycol  Monoethyl  Ether  shall  conform  to  A.S.T.M. 
Specification  D331-35  for  "Ethylene  Glycol  Monoethyl  Ether." 

9-10.  MISCELLANEOUS  MATERIAIS.  * 

(a)  Oil.  Linseed  shall  confonn  to  Federal  Specifications  JJJ-0-331 
for  "Oil;  Linseed,  Boiled",  or  JJJ-O-336,  for  "Oil;  Linseed,  Raw",  as  speci- 
fied or  required, 

(b)  Insulating  Varnish.  U.  S.  Navy  Department  Specification  52-V-13b, 
entitled  "Varnish;  Insulating,  (for)  Electrical  Purposes," 

(;c)  Creosote  Paint  for  surface  treatment  of  timber  shall  conform  to 
Federal  Specification  TT-7V-56la,  entitled  "Wood-Preservative:  Creosote  (for) 
Brush  and  Spray  Treatment." 

(d)  Ortho-Phosphoric  Acid  (H3PO4),  shall  be  commercially  pure 


product,  in  liquid  form,  containing  not  less  than  73  percent  HoPO/,. 

(e)  Sodium  Dichromate.  Ma2Ci207.   2H2O)  shall  be  a  commer- 
cially pure  product  in  crystalline  form  containing  not  less  than  85  per- 
cent Na2Cr.,C7. 

9-11.   INSPECTION.  - 

(a)  Unless  otherwise  specifically  authorized,  inspection  of  all 
materials  for  the  paints  and  chemical  rust  inhibitor  and  the  iranufacture  there- 
of, will  be  made  ty  a  representative  of  the  contracting  officer.   All  samples 
of  materials  and  of  the  finished  processed  products  will  be  tested  and  analyzed 
for  conformitj'  with  the  specifications  by  the  Government.   The  inspector  will 
collect  for  testing,  samples  of  each  of  the  materials  to  be  used  in  the  manu- 
facturing processes  and  will  then  seal  the  material  containers  until  test  re- 
sults from  the  samples  indicate  that  the  various  materials  conform  to  speci- 
fications. He  v.'ill  witness  the  breaking  of  the  seals  on  the  approved  material 
containers  and  the  compounding  of  the  materials  for  the  product  being  manufactured, 
will  collect  samples  of  the  finished  product  for  testing,  and  will  witness  the 
placing,  sealing,  and  labeling  of  the  finished  product  in  containers  for  ship- 
ment. After  the  finished  products  have  successfully  passed  the  prescribed 

test,  shipment  of  tne  sealed  containers  will  be  authorized, 

(b)  In  the  case  of  ready-mixed  and  packaged  paints  of  standard 
manufacture,  other  than  those  specified  by  trade  name,  the  contractor  shall 
furnish  a  sample  in  the  standard  stock  package,  together  with  a  certified  cojy 
of  the  complete  chemical  analysis,  for  test  and  approval  by  the  contracting 
officer, 

9-12.  PAYMENT  for  all  paint  and  painting  will  be  included  in  the  con'  -act 
price  for  the  res^^ective  metals  or  items  painted. 
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Specif icstions:  LOWS  SAULT  DAM 
SECTION  X 
INSPECTION  AND  TESTS 
10-01.   GENERAL. 

(a)  No  item  of  equipment  for  irtiich  operation  tests  are  herein 
specified  shall  be  shipped  from  its  as.  embly  point  until  such  tests  have 
been  satisfactorily  performed  in  the  presence  of  a  representative  of  the  con- 
tracting officer;  or  until  specific  authorization  is  m&de  for  the  tests  to  be 
performed  elsewhere. 

(b)  The   contractor  shall,  at  his  own  expense,  furnish  all  material, 
equipnent,  and  labor  necessary  for  the  tests  and  shall,  when  requested,  fur- 
nish certified  test  reports  to  the  contracting  officer. 

''c)  "^e  acceptance  of  any  item  of  equipment  shall  not  relieve  the 
contractor  of  his  responsibility  for  meeting  all  of  the  i^equirements  of  the 
specifications  and  shall  not  prevent  subsequent  rejection  if  such  equipment 
is  later  found  to  be  defective. 

10-02.   TiSTS  OF  WHEELS 

(a)  Each  wheel  and  axle  shall  be  assembled  complete  with  bearings 
and  accessories,  but  without  grease,  and  set  up  on  a  suitable  support  so  that 
the  wheel  may  be  revolved  on  the  axle,   ^e  wheels  shall  turn  freely,  consist- 
ent with  the  size  and  iseight  of  the  parts,  and  any  indication  of  bindirig  or 
excessive  play  shall  be  corrected.  A  dial  indicator  epplied  to  the  tread  of 
the  wheel  when  it  is  revolved  shall  indicate  not  more  than  O.OO5  inch  varia- 
tion in  a  complete  revolution  of  the  wheel. 

(b)  Before  assembling  any  of  the  wheels  with  the  gates  the  contrac- 
tor shall  test  one  set  of  four  wheel  assemblies  on  a  single  special  test  axlet 
under  both  static  condition  and  at  a  shaft  speed  of  one-half  revolution  per 
minute  for  a  period  of  four  hours,  under  simultaneous  test  loads  of  100,000 
pounds,  applied  exially  at  a  point  near  the  wheel  tread  and  300t'300  pounds 
applied  radially.   If  any  of  the  wtoeels,  bearings,  or  other  parts  of  the 
wheel  assemblies  fail  to  meet  the  requirements  of  these  specifications  under 
this  test,  the  contracting  officer  or  his  representative  may  reject  all  of 
the  affected  parts,  or  order  the  test  repeated  such  number  of  times  as  he 
deems  necessary  for  him  to  detennine  the  disposition  to  be  made  of  such  parts. 

^c)  The  contractor  shall  test  at  least  one  finished  roller  bearing 
from  each  heat  for  ultimate  strength.  Failure  of  any  roller  to  meet  the  re- 
quirements of  paragraph  5-03  ^'iH  ^^  cause  for  rejection  of  all  rollers  made 
from  the  same  heat  or  furnace  charge. 

(d)  The  contractor  shall  test  one  wheel  assembly  for  tightness  of 
gaskets  and  bearing  seals  with  external  atniospheric  pressure  and  sustained 
internal  pressure  of  2.5  pounds  per  square  inch  absolute.  Contact  surfaces 
between  seals  and  shafts  may  be  greased  or  wet  for  this  test.  Rise  in 
internal  pressure  due  to  leaks  shall  not  exceed  one  pound  per  square  inch  in 
two  hours. 

(e)  These  tests  may  be  emitted  upon  specific  waiver  by  the  contrac- 
ting officer,  provided  the  contractor  submits  satisfactory  evidence  that  the 
wheel  essen.blies  he  proposes  to  furnish  have  successfully  withstood  tests  of 
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a  similar  nature  both  as  tr.  ciLgnitude  of  test  loads  and  in  the  manner  of  their 
application. 

10-03.   TESTS  OF  G..Tjt3  FOR  *tATtRTIGHTNtS3 . 

(a)  Each  gate  section  shall  te  tested  in  the  shop  after  fabrication, 
and  before  cpplyins;  rust  inhibitor  or  paint,  to  demonstrate  that  all  joints, 
connections  and  members  are  vvatertight  at  points  where  watertightness  is  re- 
quirod.  This  test  shall  be  performed  by  coating  the  parts  of  the  ga+^  section 
which  normally  are  to  be  in  contact  with  headv/ater  v/ith  a  heavj> -bodied  co.'upound 
of  socp  and  water,  end  directing  a  jet  of  sir  at  api roximately  ^0   pounds  per 
square  inch  pressure  against  the  opposite  faces  at  the  required  points.  T^e 
parts  which  are  coated  with  soap  and  water  shall  be  inspected  for  air  bubbles 
indicating  points  of  leakage  and  any  leaks  so  discovered  shall  be  sealed  by 
such  pur.anent  methods  as  their  location  i.-iay  require. 

(b)  The  contractor  will  be  pera:itted  to  euiploy  other  i.^ithods  of 
equal  or  greater  efficacy  in  ..aking  this  test,  subject  to  the  approval  of  the 
contracting  officer. 

10-04.   Ti^TS  OF  LIFTr.G  ^'^   COUfLIi;a  DK7ICLS.  - 

(a)  The  complete  asseoibly  of  the  lifting  and  'coupling  devices  for 
each  end  of  each  gate,  shall  be  subjected  to  a  proof  tension  test  of  jjO.OOO 
pounds  with  the  loads  applied  at  the  upi er  hook  and  at  the  hook  links  as  they 
would  te  applied  during  operation.  Each  whole  assembly  shall  also  be  tested 
in  tension  to  150,000  rounds  with  the  loads  applied  at  the  hook  links  and  at 
the  ends  of  the  i-.edge  in  pli-ce  in  the  slot  in  the  upper  hook.   The  position 
of  the  parts  during  the  tests  shall  be  the  same  as  the>  would  be  if  installed 
in  the  gate.  After  the  tension  tests  the  devices  shall  be  installed  in  the 
gate.  After  the  tension  tests  the  devices  shall  be  installed  in  the  gates 
and  tested  for  satisfactory  operation  under  simulated  operating  conditions. 
An^  per:;ianent  deformation  due  to  the  test  loads  shall  not  be  great  enough 

to  affect  the  simultaneous  operation  of  the  devices  or  to  afpreciably  reduce 
proper  clearances. 

(b)  Each  lifting  hook  and  pin  of  the  full  depth  gate  sections  shall 
also  be  tested  in  tension  of  300»0'30  pounds  vdth  loads  applied  as  they  would 
be  appliod  during  operation. 

(c)  The  lifting  and  coupling  device  in  each  end  of  the  lifting 
beam  shall  be  tested  similarly  with  a  load  of  3'3'-''»300  pounds. 

10-05.  TtST3   OF  DOGS.  -  fech  diversion  gate  dog  shall  be  mounted  on  its 
pin  in  a  manner  simulating  operating  conditions  and  tested  sep£rately  with  a 
load  of  333,000  pounds  applied  at  the  seat. 
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Specifications:  Long  Sault  Deun 

SECTION  II  -  DSSGRIPTIOIJ 

2-01.  EQUIPMENT  RE5,UIRED.  -  The  equipment  required  under  this  contract 
consists  of: 

(a)  One  electrically  operated  gantry  crane.  T/ith  gasoline -electric 
auxiliary  power,  designated  "Crane  r:o,  1"  on  the  drawings.  "Crane  No.  2« 

is  not  required  under  this  contract. 

(b)  All  tools,  accessories  and  other  equipment  required  for  the 
operation  and  maintenance  of  the  crane. 

(c)  One  set  of  two  lifting  extensions,  each  approximately  2?  feet 
long,  for  temporary  use  between  the  lifting  beam  and  the  lifting  hooks  on  the 
diversion  gates. 

2-02.   OPERATIQN. 

(a)  Temporary  Operation.  -  The  gantry  crane  will  operate  tempora'rily 
only  on  the  part  of  the  runv.'ay  from  the  south  end  to  the  center  line  of  pier 
P-1^  and  will  be  used  primarily  for  the  operation  of  the  river  diversion  fates. 
Operation  of  these  gates  will  involve  ra.isinf  or  lowering  them  under  full 
hydrostatic  head  v^ith  water  surface  at  the  top  of  the  gates,  and  transportation 
of  the  elates  along  the  upstream  face  of  the  dam.   The  gates  will  be  randled 
by  means  of  a  lifting  beam,  furnished  by  t:ie  Government,  wiich  will  contain 
a  mechanism  at  each  end  so  designed  that  the  crane  operator  may  connec..  the 
beam  to  or  disconnect  it  from  the  lifting  hooks  on  the  gates.  For  tais  service 
the  trolley  will  be  run  out  on  the  cantilevered  upstream  projection  of  the 
trolley  runway,  and  the  trolley  design  must  be  such  that  all  permanently 
attached  parts  will  clear  the  upper  sill  of  the  upstream  side  frame  of  the 
gantry  structure,   /.'hen  the  gate  tops  are  below  about  Elev.  229,  temporary 
lifting  extensions  between  the  beam  and  the  gate  hooks  will  be  used. 

The  crane  will  also  b.  used  for  any  service  for  which  it  is  suited  in 
the  construction  of  the  dam. 

(b ^Permanent  Operation.  -  After  the  completion  of  the  spillway,  the 
gantry  crane  will  be  used  for  operation  of  the  spillway  gates  in  the  slots 
between  the  upstream  crane  rail  and  the  roadviay,  for  transporting  the  gates 
along  the  dam,  for  handling  the  fixed  gate  uOists  which  will  be  erected  over 
spillway  openings  21  and  3S  inclusive,  and  for  miscellaneous  service  on  the 
dam.  The  bumpers  on  the  trolley  runway  will  be  shifted  downstream  from  their 
temporary  location  as  shown  on  the  drawings  in  order  to  prevent  running  the 
trolley  past  the  extreme  upstream  position  for  pert-.an  .ent  operation.  The 
lifting  beam  will  be  attached  to  the  crane  sneavos  for  operation  of  the  gates, 
but  will  be  removed  for  handling  the  gate  hoists. 
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Specifications:     Long  Sault  Dam 

SECTION  III   -  DESIGN 

3-01.     GENERAL.    -  The  contractor   shall  assume   full  responsibility  for  a 
coordinated  and  adequate  design  fulfilling  the  requirements  of  these  speci- 
fications and  conforming  to   tho  Lest  engineeriiig  practice.      Ttie  design  and 
construction  shall  conform  to  all  usual  safety  requirements  and  safety  guards 
shall   be  provided  where  necessary  for  the  protection  of  operators  or  others 
frcffli  injury. 

3-02.     EXTERIOR  APPEARANCE.    -  The  exterior  appearance  of  the  crane  shall 
be  as  nearly  as  practicable  as  shown  on  the  drawings.     The   sections  of  members 
and  details  of  franinj  shall  be  such  that  all  external  surfaces   shall  be  smooth 
in  appearance  and  free  from  exposed   structural  shapes  and  castings.     Where  this 
result  cannot   be  conveniently  attained,  removable  copper-bearing  sheet  steel 
covering  not  less   than  1/8"   thick  shall  be  provided.     All  members,    including 
box  girders,   shall   be  designed  so  that  inside  surfaces  may  be  inspected,   cleaned 
and  painted;   and  access  holes  with  flush  covers   shall  be  provided  where  necessary. 

3-03.     FRAJ-fllNG.   -  T^e  structural  frame  shall  be  rectangular  in  plan  with 
each   truck  skewed  at  a  fixed  angle  with  the   sill  and  with  its  center  line 
tangent  to  the   curve  of    the  gantry   track  rail  at  the  center  of    the  portal  leg. 
The  portals   spanning   between  the  gantry  rails  shall  be  designed  as  rigid  frames 
and  shall  have   sufficient  clearance  at  all   points    to  clear  the  top  of    the  fixed 
hoists  and  also  clear  the  ^ates  when   they  are  dogged  in    the  highest  position  in 
the  emergency  slots.     The   side   frames  shall   consist  of  upper  and  lower  sills 
with  bracing  as  shown  on  the  drawings  and  the   cab  shell   be  mounted  inside  the 
downstream  bracing.      Ihe  horizontal   frame  at  the  upper  sills  and  the  connections 
between  the  portal   le^s  and   the  horizontal  girders  shall  be  adequately  braced  and 
gussetted  to  meet  conditions  of  paragraph  3*05  (")• 

3-04.     CAPACITIES  AND   SPEEDS. 

(a)  Msi  in  Hoist.    -  The  main  hoist  shall  have  a  nominal   capacity  at  the 
lower  sheaves   (on   two  drums)  o*"  260  tons,  with  a  hoisting  speed  of  2  feet  per 
minute  and  T»ith  the    trolley  stationary.     The  maximum  estimated  load  which  the 
trolley  will  be  required  to  transport  on  the   trolley  runway   is  I30   tons. 

(b)  Auxiliary  Hoist.   -  Tbe  auxiliary  hoist  shall  have  a  nominal 
capacity  of  10   tons  with  a  hoisting  speed  of  I3  feet  per  minute. 

(c)  Gantry  and  Trolley  Travel.   -  The  gantry  travel  speed  shall  be 
75  feet  per  minute  and   the   trolley  travel  speed  shall  be  I5  feet  per  minute. 
Ibe  gantry  travel  motors  shall  have   stich  capacity  that   the   crane,   when  loaded 
with  a  gate  weighing  I30   tons  (including   the  lifting  beam),   may  be  used  to 
tow  a  similar  crane  similarly  loaded  a  distance  of  1000  feet  against  a  wind 
pressure  of  10  pounds  per  square  foot  with  a  temperature  rise  of  any  motor 
not  exceeding  50°^* 

3-05.     LOADS. 

(a)  General.-  All  parts  of  the  crane  shall  be  designed  to  sus- 
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tain  the 'combinations,  listed  under  3-05(b)  &  (c)  below,  of  the  following 
loads  with  due  allowance  for  eccentricity  and  without  exceeding  the  unit 
stresses  hereinafter  specified: 

(1)  The  dead  load  shall  include  the  weight  of  the  gantry 
structure  and  the  trolley  and  all  permanently  attached  mechanical  and 
electrical  parts. 

(2)  The  design  live  load  for  the  trolley  shall  include  the 
rated  load  of  26o  tons,  the  dynamic  forces  of  acceleration  and  retarda- 
tion, and  tension  in  moving  ropes.  For  the  live  load  on  the  gantry  struc- 
ture, the  following  loads  shall  be  considered: 

a.  The  design  live  load  on  the  trolley  plus  the  weight 
of  the  trolley  at  the  extreme  upstream  position  on  the  cantilever  arm. 

b.  The  weight  of  the  trolley  with  a  load  of  I30  tons 
as  a  moving  load  at  any  point  between  the  limits  shown  on  the  crane  draw- 
ings for  permanent  gate  operation. 

c.  The  weight  of  the  trolley  with  a  lifting  load  of 
175  tons  plus  the  dyiiamic  forces  of  acceleration  and  retardation  and  ten- 
sion in  moving  ropes  with  the  trolley  over  either  gate  slot.  Impact 
allowance  for  live  loads  shall  be  25^. 

(3)  The  trolley  tractive  force  shall  be  taken  as  IO5J  of 
the  weight  of  the  trolley  with  a  load  of  I30  tons,  and  shall  be  considered 
as  applied  at  the  top  of  the  trolley  rails. 

(4)  The  gantry  bridge  tractive  force  shall  be  taken  as  10^ 
of  the  weight  of  the  entire  loaded  crane,  \Thich  shall  include  the  trolley, 
and  a  suspended  load  of  225  tons  on  the  cantilever  arm  or  a  suspended  load 
of  130  tons  at  any  point  between  the  limits  for  permanent  gate  operation. 
For  the  condition  of  the  load  on  the  cantilever  ana,  the  entire  tractive 
force  shall  be  considered  as  resisted  by  the  side  frame  on  the  upstream 
side  of  the  crane*  For  the  permanent  gate  operating  condition,  the  trac- 
tive force  shall  be  considered  as  distributed  in  the  ratio  of  3/4  to  the 
downstream  side  frame  and  1/4  to  the  upstream  side  frame, 

(5)  The  wind  load  shall  be  considered  as  acting  on  the  pro- 
jected area  of  the  crane  structure  and  the  suspended  load.  The  wind  area 
of  the  spillway  gate  shall  be  taken  as  1350  square  feet  for  wind  acting 
nonnal  to  the  gantry  track  and  I30  square  feet  for  wind  acting  parallel 

to  the  gantry  track.  The  center  of  pressure  of  the  wind  on  the  suspended 
load  shall  be  assumed  at  17  feet  above  the  upstream  rail.  The  wind  area 
of  the  diversion  gate  shall  be  taken  as  2200  square  feet  for  '^ind  acting 
nonnal  to  the  gantry  track  and  215  square  feet  for  wind  acting  parallel 
to  the  gantry  track.  The  entire  wind  load  on  the  suspended  diversion  gate 
shall  be  assumed  as  transferred  to  the  tops  of  the  trolley  railst  The 
wind  intensity  shall  be  taken  as  given  in  the  various  load  combination 
specified  below. 

(6)  Thft  n-gp  ^r^A   on  the  roof  of  the  trolley  runway  hous- 
ing shall  be  assumed  as  25   pounds  per  square  foot. 

(7)  The  live  load  on  floors  and  platforms  shall  be  assumed 
as  50  pounds  per  square  foot. 

(b)  Load  Combinations  -  Permanent  Gate  Operation.  -  The  follow- 
ing load  combinations  shall  be  considered  for  permanent  operation  of  the 
crane  with  the  trolley  operating  only  within  the  range  shown  for  "pernian- 
ent  gate  operation*  shown  on  the  drawings. 

Case  It  For  the  gantry  in  operating,  condition,  a  wind  load 
of  10  pounds  per  square  foot  in  combination  with  dead  and  live  loads,  im- 
pact and  traction  forces. 

Case  II:  For  the  gantry  in  static  condition,  a  wind  load 
of  30  pounds  per  square  foot  in  combination  with  dead  and  live  loads. 
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Case  Illt     For  the  gantry  in  operating  condition,  a  combina* 
tion  of  dead  anri  live  loads  and  the  forces  produced  by  collision  with  the 
track  stops  with  the  loaded  gantry  traveling  at  full  speed  with  power  off. 

Case  IVt     For  the  gantry  in  operating  condition,  a  combina- 
tion of  dead  load  and  the  forces  produced  by  the  rated  break -down   torque 
of  the  hoist  motor  ecting   through  one  drum  only. 

C^se  Vt     For  the  gantry  in  static     condition,  a  wind  load 
of  kO  pounds  per  square   foot  in  combination  with  dead  load  only. 

(c)  Load  combinations  -  Diversion  Gate  Operation,    -  The  follow- 
ing load  combinations  shall  be  considered  for  operation  of  the  river 
diversion  gates  with  the  trolley  in  the  extreme  upstream  position  shown 

on  the  drawings: 

Case  VI:      Same  as  Case  I 
Case  VII:     Same  as  Case  III 
Case  VIII:     Same  as  Case  IV 
Case  IX:     Same  as  Case  V 

(d)  Stability.   -  The  crane   shall  have  a  factor  of  safety 
against  overturning  of  at  least  2  under  any  condition  of  loading.     To 
meet  this  condition  for  diversion  gate  operation  a   temporary  counter 
weight  shall  be  provided,   if  necessary,  at  the  lower  sill  on  the  down- 
stream side  and  the  structural  members  shall  be  designed   to  support  the 
counterweight.     If   necessary  for  permanent  operation  a  permanent  counter- 
weight shall  be  provided. 

(e)  Unbalanced  tractive  Effort.  -  The  horizontal  structural 
frame  at   the  upper  sills  shall  be  adequate   to  prevent  skewing  under  the 
actual  unbalanced   tractive  effort  caused  by  the   two  motors  on  one   side 
driving  the  crane,   loaded  with  a  spillway  gate,  against  a  wind  pressure 
of  10  pounds  per  square   foot. 

3-06.     UNIT  STRESSES. 

(a)  For  Case  I.    the  unit  stresses  in  structural  parts  shall 
not  exceed  those  specified  by  the  American  Institute  of  Steel  Construc- 
tion's •Specification  for  the  Design,  Fabrication  and  Erection  of  Struc- 
tural Steel  for  Buildings",   as  revised  in  1936,   except  as  otherwise  modi- 
fied herein,   and  except  that  all   stresses  shall  be  proportionately  re- 
duced to  conform  to  a  basic  stress  of  l6,000  instead  of  20,000  pounds  per 
square   inch  for  tension  in  net  section. 

(b)  For  Cases  II  &  III,    the  resulting  unit  stresses  shall  not 
exceed  123'J   of  those  allowed  for  Case  I* 

(c)  For  Cases  IV  and  VIII,    the  resulting  unit  stresses  s hall 
not  exceed  ^OZ  of  the  elastic   limit  of  the  materials  involved. 

(d)  For  Cases  V  and  IX.    the  stability  requirement  of  paragraph 
3-05  (d)  shall   be  met. 

(e)  For  Case  VI.    the  resulting  unit  stresses  shall  not  exceed 
125?   of  those  allowed  for  Case  I. 

(f )  For  Case  VII.    the  resulting  unit  stresses  shall  not  exceed 
123  %   of  those  allowed  for  Case  III, 
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Specifications:  Long  Sault  Dam 


SECTION  IV  -  STF.UCTURAL  DETAILS 

4-01.  GENERAL.  -  The  gantry  structure  and  trolley  frame  shall 
be  built  of  structural  steel  shapes  and  plates.   Shop  connections 
may  be  either  riveted  or  v.elded.  Field  connections  shall  be  riveted. 
Webs  of  beams  and  channels  shall  be  not  less  than  l/i|  inch  thick.  All 
other  structural  material  except  sheathing,  hoods  and  other  covers 
shall  be  not  less  than  3/8  inch  thick. 

4-02.  WELDED  CONNECTIONS.  -  In  the  design  of  velded  connections 
the  following  unit  stresses  in  the  weld  throat  shall  not  be  exceeded: 

Shear  11,3^0  pounds  per  square  inch 

Tension  I3.OOO  pounds  per  square  inch 

Compression  (on  butt-welds)  I5t000  pounds  per  square  inch 

Allowance  shall  be  made  for  eccentricity  in  the  section  of  the  base 
metal  parts,  except  that  for  fillet  welds  no  allowance  need  be  made 
for  any  bending  couple  caused  by  resultant  stresses  in  the  two  fused 
legs  of  the  weld.  Stresses  in  fillet  welds  shall  be  considered  as 
shear  for  any  direction  of  the  applied  stress.  Connection  parts  wel- 
ded to  form  joints  between  members  shall  be  designed  to  transmit  the 
calculated  stresses  v.ithout  exceeding  the  working  stresses  in  the 
members.  Where  continuous  welds  are  not  required  the  velds  shall  be 
spaced  not  more  than  I8  inches  apart  in  any  continuous  line,  and  on 
compression  members  such  spacing  shall  not  exceed  I6  times  the  thick- 
ness of  the  thinnest  metal.  No  weld  shall  be  less  than  2  inches  long 
exclusive  of  craters.  Overhead  welding  shall  be  used  onl^-  where  unavoid- 
able. 

4-03.  TLATE  GIBDEFiS.  -  Plate  girders  shall  be  proportioned  by 
the  moment  of  inertia  of  the  net  section.  Wheel  loads  applied  to 
flanges  through  rails  shall  be  considered  as  distributed  over  a  dis- 
tance along  the  flanges  not  exceeding  36  inches.  The  rails  shall  not 
be  considered  as  taking  any  portion  of  the  top  flange  stresses.  Gir- 
ders of  box  section  shall  be  provided  with  internal  diaphragms  at 
points  of  concentrated  loading  and  at  intervals  of  not  over  five  feet 
throughout  the  length  of  the  girder.  Full  depth  diaphragms  shall  be 
used  at  intervals  of  not  over  ten  feet.  Other  diaphragms  shall  have 
a  depth  not  less  than  their  width.  Diaphragms  shall  be  faced  to  in- 
sure full  bearing  of  top  flange  cover  plates,  and  end  diaphragms 
shall  also  be  faced  for  full  bearing  at  the  bottom.  Diaphragms  shall 
be  riveted  to. both  webs  with  sufficient  rivets  to  transmit  concen- 
trated loads  and  with  a  pitch  not  greater  than  6  inches. 

4-04.  LADDERS,  PLATFORMS,  WALKWAYS  AND  HAND-RAILING.  -  Ladders, 
platforms  and  railings  shall  be  provided  at  all  locations  shown  on  the 
drawings  or  required  by  the  design.  Ladders  .shall  be  not  less  than 
14  inches  wide,  with  7/8"  diameter  rungs  spaced  12  inches  on  centers 
between  2  inch  by  1/4  inch  side  bars.  Platforms  and  walkways  shall  be 
floored  with  non-slip  steel  plate  and  provided  with  toe  plates  at  all 
open  edges.  Walkways  shall  have  a  minimum  net  clearance  of  24  inches. 
Hand-railing  shall  be  provided  along  the  open  sides  of  all  platforms 
and  -walkways  where  practicable.  Railings  shall  be  42  inches  high  with 
an  intermediate  rail  between  the  floor  and  top  rail.  Rails  and  posts 


shall  be  standard  1-1/4  inch  pipe  with  standard  malleable  iron  railing 

fittings. 

4-05.  TROLLEY  HJIT-VAY  HOUSING.  -  The  trolley  runway  housing  shall 
be  of  copper-bearing  steel  plates,  3/l6  inch  thick,  thoroughly  braced 
with  steel  franin^  to  withstand  all  loads  and  provided  with  ample 
louvres  for  yentilation  as  shown  on  the  drawings.  Where  necessary  for 
the  convenient  removal  of  machinery  units,  removable  sections  shall  be 
provided  in  the  housing.  In  addition,  an  opening  30   inches  square 
shall  be  located  at  a  convenient  plate  in  the  top  of  the  housing  for 
access  to  the  roof.  This  opening  shall  be  provided  with  a  watertight 
cover  which  shall  be  readily  removable  from  the  inside  and  with  suit- 
able "means  for  reaching  the  opening  from  the  trolley  or  walkway. 

4-06.  OPERATOR'S  CAB.  -  The  steel  framing  and  supports  for  the 
operator's  cab  shall  be  of  ample s trength  to  support  the  weight  of 
all  equipment,  and  shall  be  braced  to  withstand  wind  loads  as  well 
as  forces  and  vibration  due  to  operation  of  the  crane.  The  sheathing 
shall  be  1/8"  copper-bearing  steel  plates  secured  to  the  framework  in 
a  manner  to  make  a  weatherproof  enclosure  with  a  smooth  exterior  sur- 
face. Means  shall  be  provided  for  installation  or  removal  of  equip- 
ment. 

Sash  shall  be  provided  at  locations  shown  on  the  drawings. 
The  sash  on  the  upstream  side  of  the  cab  shall  be  fixed,  that  on  the 
downstream  side  of  the  casement  type,  and  the  end  sash  s hall  be  of  the 
commercial  projected  type.  Glazing  for  the  upstream  side  and  ends  shall 
be  clear,  shatterproof,  polished  plate  glass,  1/4  inch  thick.  Glazing 
for  the  downstream  side  and  f or  t he  cab  doors  shall  be  clear,  polished 
wire-glass,  1/4  inch  thick.  All  glazing  shall  be  done  from  the  inside 
by  means  of  weather-tight  glazing  strips.  Putty  shall  not  be  used. 

The  cab  floor  shall  be  covered  with  approved  cement -asbestos 
board  not  less  than  3/4  inch  thick.  The  roof,  walls  and  floor  of  the 
cab  shall  be  insulated  with  rock  wool  of  4"  minimum  thickness, 

4-07,  COLLEC?rOR  AH.^.  -  The  collector  arm  shall  be  of  structural 
steel  and  located  at  the  north  portal  fraiie  on  the  upstream  side  as 
shown  on  the  drawings.  The  connections  to  the  crane  frame  shall  be 
bolted  so  that  the  arm  may  be  re;  dily  removed.  The  arm  and  connec- 
tions shall  be  sturdy  in  design  to  prevent  excessive  deflection  or 
distortion  due  to  drag  of  the  collector  shoes  or  motion  of  the  c  rane. 
The  detail  at  the  lower  end  of  the  arm  shall  be  such  that  the  width 
of  opening  in  the  conductor  slot  covering  may  be  as  small  as  possible 
and  the  conductors  may  be  above  the  opening. 
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Specifications:     Long  Sault  Dan 

SlCTION  V-FABRIC'TION  OF  STRUCTURAL  STEEL 

3-01,     GENERAL,-  Fabrication  of  structural  steel  shall  be  in  accordance 
with  Section  25  of  the   "Specification  for  the  Design,   Fabrication  and  Erection 
of  cjtructural  Steel  for  Buildings"  as  adopted  by  the  Awericn  Institute  of 
Steel  Construction,   and  revised   in  I936,    except  as  noted   in  paraf^raphs  5-02 
to  5-^5  inclusive. 

5-02.     HOLES.-  For  minor  parts,   holes  nay  be  punched  full-size  in  material 
3/4  inch  or  less   in  thickness,   but   shall  be  drilled  full  size   in  material  more 
than  2,/k  inch  in  thickness.     For  all   other  parts,    holes  shall  be  sub-punched 
and  reamed  after  assembly  in  material  3/h  inch  or  less   in  thickness,   but   in 
material  more  than  3/h  inch  in  thickness   shall  be  drilled   full  size  after 
assembly,    or  drilled   1/8  inch  less  than  the  nominal  rivet  diameter  before  as- 
sembly and  reamed  full-size  after  assembly.     Holes  for  turned  bolts   shall  have 
a  Class  k  fit   with  the  finished   shanks  of  the  bolts  as  defined  by  Bulletin 
pi4a-l925  of  the  American  Standards  Association, 

5-03,     pUTTCHIFG,  DRIILIT^G  xm  REAIvUrrr.-  For  sub-punching,    the  diameter  of 
the  punch  shall  be  3/l6  inch  smaller  than  the  nominal  diameter  of  the  rivet. 
For  punching  full-size,   the  diameter  of  the  punch  shall  be  I/I6  inch   larger 
than  the  diameter  of  the  rivet.     In  each  case,   the  diameter  of  the  die  shall 
be  not  more  than  3/32   inch  larger  than  the  diameter  of  the  punch, 

5-04.     FIEID  RIVETS  AND  ERECTION  PCLTS.-  Field  rivets  shall  be   furnished 
in  the  amount  of  15^  plus  10  rivets  in  excess  of  the  nominal  number  of  each 
size  and   length  required.     The  contractor  shall,  also  furnish  all  necessary 
temporary  erection  and   fitting-up  bolts  required  for  field  erection. 

5-05.      -fEIDE^^G 

(a)     preparation^-  pieces  to  be   joined  by  fusion  welding  shall  be 
accurately  cut  to  size  and  formed  prior  to  v/elding.      Ml  forming  shall  be 
done  by  pressure  and  not   by  blo^7S.     The  preparation  of  the  edges  to  be   joined 
shall  be   such  as  to  insure  thorough  and   complete  penetrating;    if  necessary  the 
edges  shall  be   planed.     The  relative  positions  of  the  pieces  at   the  time   of 
welding  shall  be  such  that  cooling  of  the  v/eld  will  not   set  up  excessive  strains 
in  the  weld  or  the   parent  metal.      All  pieces  to  be  welded   shall  be   free  frcm 
rust,    paint,    or  other  foreign  matter  for  a  distance   of  not   less  than   1/2   inch 
back  fron  the  welding  edge, 

(b")      Telding  Procedure.-   All  welding  shall   be  done  by  the   electric 
arc  method,   using  a  process  which  will  exclude  the  asmosphere  frcm  the  molten 
metal.     The  welding  shall  b^;  done   in  a  manner  that   will  produce   complete 
"fusion  with  the   parent  met?.!.     T'he  welded    joiftts  shall  be  reasonably  smooth 
and   free   frcm  grooves,    depressions,    and   other   irre^njlarities.     All  welding 
unless  otherv/ise  specified  shall  be   in  accordance  vrith  the  applicable  current 
codes,    specifications,    and  recommended   practices  of  the    toerican   7elding 
Society. 

The  contractor  shall  assign  to  each  welder  an   identifying  number,    letter, 
or  symbol  which  shall  be  stamped   on  the   pieces  adjacent   to  and  at    intervals 
of  not  more  than  3   feet   along  the  welds  which  he  makes  either  by  hand   or  by 
machine. 

\^)     Stress  Relieving,-    Velded   parts  shall  be  stress-relieved  by 
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heating  uniformly  in  an  annealing  furnace  to  temperature  between  1100  and 
1200  F.  Each  piece  shall  be  brought  slowly/  up  to  the  specified  temperature, 
held  at  that  temperature  for  a  period  of  time  proportioned  on  the  basis  of  at 
least  one  (1)  hour  per  inch  of  maximum  thickness,  and  then  allowed  to  cool 
slov/ly  in  a  still  atmosphere.  At  no  time  during  the  stress  relieving  period 
shall  there  be  a  temperature  differential  .greater  than  200  P.  in  the  piece 
being  treated.  Each  piece  shall  be  properly  supporter"  in  the  furnace  to 
prevent  distortion.  Heating  of  any  part  of  the  structure  after  stress  re- 
lieving will  not  be  permitted.  Stress  relieving  of  welds  in  minor  parts 
may  be  omitted  upon  specific  approval  by  the  contracting  officer. 

(d)  Q^ualif icat  ion  of  77elders>-  The  contractor  shall  furnish  to  the 
contracting  officer  satisfactory  evidence  that  each  welder  to  be  employed  on 
the  work  has  within  one  year  of  the  date  of  this  contract  satisfactorily 
performed  the  qualification  tests  prescribed  by  the  American  "^elding  Society 
in  its  latest  "Code  for  Fusion  Telding  and  Gas  Cutting  in  Building  Construction," 
using  the  detailed  procedure  to  be  follcved  in  actual  production  under  this 
contract.  The  contractor  shall  require  any  .Telder  to  repeat  ihese  tests  when 
in  the  opinion  of  the  contracting  officer  the  work  indicates  a  reasonable 
doubt  of  the  welder's  officiency. 
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Sp«cificstions  ;    Long  Sault  Dam 

SECTION  71   -  wECHAIvIlCiiL  EQUIPLlEriT 

6-01.     GEIvSfiAL.    -   All  mechanical  •quipnient  shall   be  substantial   in 
design,   easily  •r«cted,    in;pected,    adjusted,    painted   and  taken  apart.      All 
machanical   pt-rts  shall  be  designed  to  withstand  all  dead  and   live   loads 
with  a  factor  of   safety  of  not    less   than  5,   wituout  allowances   for  impact 
acceleration,    or  retardation,    and  also  shall  be  proportioned  to  withstand 
additional   loads  produced   by  the  rated  breakdo'.vn  torque   of   the  motors 
without    the  resulting  stresses   exceeding  ^0%  of   the   elastic    limit   of   th« 
material   involved. 

Castings   shall  be  cleaned,  and   -11  fins   and   other   irregularities  removed. 
Castings   to   be   attached   to  structural,  steelwork  or  to  other  castings   shall 
have  their  contact  surfaces  finished.     Unfinished  edges   of  castings,    ribs, 
and  similar  parts   shall   have  rounded  corners  and   all   inaide  angles  shall 
have  proper   fillets. 

Bolt  heads,   nuts,    and   wasllers  shall    bear  on  f  j.nished  seata   perpendi- 
cular to  the   axis  of   the   bolts. 

Machinery  shall  be  mounted  on  rigid  self-contained  cast  steel  or  welded 
steel  frames   or  bedplates   or  on  structural   steel  supports.     The  fastenings 
shall  be  adequate   to  hold   the   parts   in  place   and  alignnient  under   all   con- 
ditions of  service.      Turned  bolts,   dowels,    or  equivalent,   shall  be  used   to 
secure  ecuipiMnt   in  place.      The  deflection  of  machinery  supports   under 
maximum  load  shall  be  so  limited  as   to  cause  no  injurious  misaligmaint   of 
the  equipment. 

6-02.     TRUCKS  AND  WHEELS.   -  -^ach  gantry  truck  shall  have  four  wheels 
and  shall   be  equalized  so  that  each  wheel  will  carry  its  proportion  of  the 
leg   load.      The  trolley  shall  be  mounted   on  4  trucks  with  2  wheels  each. 
Provision  shall   be  uiade  so  that   in  the  event   of  damage   to  any  ..'heel,    axle, 
or   journal,    trie   drop  of   the   truck  will   not  exceed   one   inch,   and   it   shall 
be  possible   to  remove  readily  the  damaged  part.     Each  end  of  each  gantry 
truck  shall  be  provided  with  substantial  track  clearers  which  shell  be 
effective   in  both  directions  of  travel  and  shall  extend  below  the   top  of 
the  rail  on  each  side.     Trucks  shall  also  be  provided  with  safety  lugs 
extending  below  the  top  of  the  rail  on  both  sides  to  prevent   the  truck 
leaving  the  rail.      Bolted  connections   of  trucks   shall   have  contacting  sur- 
faces machine  finished. 

A  bracket  to  support   the  truck  drive  motor  shall  be  provided  at   the 
inner  end  of  each  truck.     Motor  and  machinery  shall,  be   concealed  by  copper- 
bearing  sheet   steel  as   shown  on  the   drawings. 

All  truck  wheels  shell   be  double  flanged,   rolled  steel.      They  shall  be 
of  sufficient  size   to  withstand  adequately  the  maximum  standing  and  rollimg 
loads  and  snail  be  machined   to   limit   the   side  movement   to  3/4   inch  on  the 
head  of  a  173  pound  crane  rail,    section  number 175-41^»      The   trolley   truck 
wneels  shall  be  not    less   than  24  inches  tread  dit-meter,   and  the  gantry  truck 
wheels   shall   be  not   less  than  27   inches   tread  diameter. 

6-03.     TRUCK  AXLES.   -  Truck. axles  shall   be   steel  forgings,  accurately 
turned  ell   over,    and  ground   and   polished  at  the    journals.     Journals  shall   be 
of  sufficient   size   to  withstand  adequately  the  maximum  standing  and  rolling 
loads.  All  axloa  shall  be  forced  into    h^q   truck  wheels  with  a  pressure  of  not 
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less   than  8  tons  per  inch  of  axles  diameter.     The  driving  wheels  shall  be  keyed 
to  the   axles  in  addition  to  the  forced  fit. 

6-04.     TRUCK  JOITBNAL  BOXES.   -  Truck  journal  boxes  shall  be  gray  iron  cas- 
tings machined  to   fit  rectangular   finished  seats  on  the  wheel  trucks  and  bored 
and  fitted  with  "sealed*   type  phosphor  bronze  bearing  bushings.      The  bushings 
shall  be  provided  with  openings  at  the  bottom  fitted  with  "Stapax",  or  app- 
roved equal,   lubricating  pad.     The  outer  ends  of   the  bushings  shall  be   closed 
by  bronze  covers  cast  integral  and  the  inner  ends  shall  be  flanged,   counter 
bored  and  fitted  with  standard  approved  seals  closely  fitted  around  the  axles* 
Provision  shall   be  made  to  prevent  the  bushing  from  turning   in  the  box.     T'he 
boxes  shall  be  provided  with  oil  cellars  with  covers   to  permit  renewsd  of 
lubricant  and  lubricating  pad.     Suitable  oil  drain  plugs  shall  be  provided 
in  the  bottom  of   the  oil  cellars.     All  bearings  shall  be  drip-proof,  water- 
tight, and  interchangeable. 

6-03.     GANTRY  DRIVE.    -  llie  gantry  shall   be   driven  by  four   identical  gear 
motors  mourited  one  on  each   truck  at   the   inner  end;   and   the  driving  mechanism 
shall  be  arranged  to  drive  the  pair  of  truck  wheels  nearest  the  motor.     The 
driving  mechanism  shall  be   so  designed  and  shall   have  such  capacity  that   the 
movement  of   the  crane  will  be  steady  and  the   orano   structure  free  from  vib- 
ration or  racking  while  moving  at  full   speed  and  with  full  load  against  a 
wind  pressure  of  10  pounds  per  square  foot  of  exposed   surface.      The  combined 
capacity  of    the  motors  shall  be  sufficient   to  accelerate   the   loaded  crane  from 
standing   to  full  speed  against  a  wind  pressure  10  pounds  per  square   foot  of 
exposed  area  of  crane  and  gate   in  not  more   than  20  seconds. 

6-06.     TROLLEY  ERIVE.    -  The  trolley  shall  be  driven  by  means  of  a  motor 
mounted  on  the   trolley  frame  and   connected   to  one  pair  of  driving  wheels  on 
each  end  of  the   trolley   through  gearing  and  shafting,   substantially  as  shown 
on  the  drawings.      The    trolley  drive  shall  be  so  designed  that   the   travel  will 
be  steady  and  free   fr.ii  vibration  or  racking  in  any  part  under  all  conditions. 

6-07.     RAIL  CLAMPS.    -  A  manually  operated  locking  device  shall  be  provi- 
ded by  means  of  which  the  gantry  may  be  secured  to   the  runway  rails  at  any 
point  on  the  runway,    to  hold   the  unloaded  crane  against  a  wind  pressure  of 
40  pounds  per  square  foot. 

6-08.     GkTi  RBTAINIIG  LATCHES.   -  Gate   latching  devices  shall  be  furnished 
to  lock  the  gate   securely  against   sidewise  and   endwise  motion  while  it  is 
being  carried  along  the  deck.      Ifie  latches  shall   hold  the  gate   in  such  a 
manner  that    the  horizontal  loads  acting  on  the  gate  will  be   transmitted  to  the 
gantry  structure. 

6-09.     LIFTING  BEAM  CENTERING  PINS.   -  A  pair  of  centering  pins  shall  be 
mounted  on  structural   steel  frames  on  the  underside  of  the  trolley  for  the 
purpose  of  engaging   the  guide  sockets  in  the  top  of   the  lifting  beam.     The 
pins  shall  be  tapered   to   s'Jit  the  guide  socket*  in   the  beam  and  shall  have  suffi- 
ciently close  clearance   in  the  sockets  when  the  beam  is  at  its  highest  poeitioo 
to  hold   it  in  place  without  excessive  lateral  movement.     Itie  pins 
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and  frames  shall    be  designed   to   transmit  to  the    trolley   its  proportion  of    the 
maximum  assumed  wind  load  on  a  full  depth  gate   section     when   the  gate   is  se- 
cured to   the  latching  devices  on  the  lower  sills. 

6-10.     MAIN  HDIST,    -  The  main  hoist  shall  be  of   the  single  motor,   double 
drum  type  mounted  on  the    trolley  framework. 

Speed  reducers  shall  conform  to   the  specif icatior;;   for  Heavy  Duty  5peed 
Reducers  adopted  by  the  American  Gear  Manufacturers  Association  and   shall 
be  rated   in  accordance  with  the   formulas  recommended  by  that  association. 
Flexible  couplings  shall  be  of   standard  or  disengaging  type,  and  of  ample 
size  and  capacity  for  the  service  and  loads. 

6-11.     AUXILIARY  HOIST.    -  The  auxiliary  hoist  shall  be  of  the  single 
motor,   single  drum  type  mounted  on  the   trolley  framework. 

Speed  reducer  and  flexible  couplings  shall   be  as  specified   in  6-lC. 

6-12.     GEARING.    -  Gears  may  be  of  the   herringbone,   spur  or  worm  type. 
Herringbone  gears   shall  be  of  standard  involute  form,   with  20-degree  pressure 
angle.     Spur  cears  shall  be  of   the   involute  stub  form  with  20-degree  pressure 
angle.     Proportions  of    involute  gears  shall  be  according    to  the  current  re- 
conmendations  of   the  American  Standards  Association.     Work  gears  shall   be  of 
involute   type.     No  spur  gear  pinions  shall   have  less  than  15   teeth.     No  motor 
pinions  shall  have  less  than  1?  teeth. 

Stresses   in  gears  shall  be  computed  by   the  Lewis  formula,  using  the  Barth 
formula  for  correction  for  speed.     All  gears  shall  be  designed   to  take  the 
entire  pitch  line  load  on  one   tooth.     All  pinions  shall  be  annealed  carbon- 
steel  forgings,   and  all  gears   shall  be  carbon-steel   castings,   except   the  ring 
gears  on  main  hoisting  drums  which  shall  be   carbon  steel  forgings.     In  worm 
gearing  the  gear  shall  be  of  phosphor  gear  bronze,  and  xhe  worm  a   steel  for- 
ging.    Gears  shall  out-mesh  on   top,  where  practicable.     All  gear   teeth  shall 
be  cut  from  the   solid. 

6-13 .     BEARINGS.    -  Bearings  shall  be  of  the  roller  or  ball  type  or  shall 
have  removable  bronze  linings.     Shaft  bearings  shall   be  placed  as  close  as 
possible   to  the   points  of   shaft  loading  and   shall  be  so  designed  that   the 
bearing  element  may  be  easily  replaced  and  that   the  shaft  may  be  removed  from 
the  crane  with   its   pinions  and  gears   in  position.     Where  divided  bronze  bearings 
are  used   the  bearing  caps  shall  be   doweled  and  provision  shall   be  made   to  hold 
linings  effectively  against  the  rotation  or  changing  position  under  load.     Tha 
top  half  of  grease  lubricated  split  bearings  shall  be  drilled  and   tapped  for 
lubrication  fittings.     All   linings,    thrust  washers,   and  other  surfaces   re- 
quiring lubrication  shall  be  grooved  and  open  ends  shall  be  sealed  with  app- 
roved grease  retainers.     All  bearings  shall  be   drip-proof  and  water-tight. 

Where  bronze  linings  are  used,    the  bearing     area  shall  be  such   that   the 
product  of  the  load,    in  pounds  per  square   inch,   and   the  square  root  of   the 
rubbing  velocity,    in  feet  per  second,  will  not  exceed  9*^0,   but  in  no  case  shall 
the  bearing  pressure  exceed  I300  pounds  per  square   inch. 
The  minimum  thickness  of  linings  shall  be  as  followst 

Shaft  Diameter  Lining  Thickness 

Less  than  2i   inches  l//j   inch 

2^  inches   to  4   inches  3/8  inch 

4  inches  to  5i   inches  ^  inch 
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Ball  or  roller  beorings   shall  be  of  standard   type   anJ  of  the  highest 
grade   of  inanuf actur*.     Sizes   shall  be    in  sccoriance   with  the  nianufac turer 's 
tables  for  the   lot-ds  and  speeds   involved     *ith  not   less  than  100  percent 
ad  led  to  the  calculated   loads   to  determine   the  required  capacity  to  provide 
for  shock  loads. 

Ball  or  roller  hearings  shall  be  mounted   in  accordance  with  t he   best 
erigineerin;_  practice  for  the   application  under  consideration  and   shall  be 
inclosed   in  oil-tight    i.iclosures  with  rr.eans  for  excluding  dirt  and  retaining 
lubricant. 

6-I4.     DHuLS.   -  The   hoist  drums   shall   be   of  close-grained  cast   iron 
or  of  welded  structural  carbon  steel.      They  shall  be   of   heavy  section  and 
ribbed   to  sustain   the  concentrated  loads  due   to  rope  tension.  The  thickness 
of   the  drum  iinder  the  ropes  shall  be  not  less  than  Iz  incnes  if  of  cast 
iron  oi-   1-1/4   inches,    if  of  welded   steel  for  ropes  over   1   inch  of  dir^nieter 
and  .not   less  than  1  inch  if   of  cast    iron  or  3A   inch  if  of  welded  steel  for 
ropes    1  inch  or   less   in  diameter.      Each  drum  shall  have   right  and   left   hand 
grooves,    turned  froai  the  solid,    to  receive   the   hoisting  rope.      The  grooved 
length  of  the  drums  shall  be   sufficient   to  tf  .^e   the   full   run  of  rope   for  the 
maximum  lift   plus   two  turns  at  each  end.      The   rope   attachement   to   the   drum 
sholl  be  simple  and  secui^   so  that  replacement  of  the   rope  may  be  .uade 
wituout  dismantling  the   pi:rts.      Drums  shall  be   pressed  and    xeyed   to  the  dru.:. 
shaft;    and  shaft,   gear,    and   drum  shall  be   in  proper  ruianing  balance.     The 
drum  gears  shall   be  press-d  and  keyed  to  the  drum  body.      Tte  pitch  diameter 
for   the  drums  shall  be   not   leas   than  30  times   the   outsiac;  diameter  of   the 
rope.      The   various  parts  of  welded  dr'oms   shall   be   fitted  together   by  i^achine 
grooving,   turning  or  boring  before  welding  as   may  be  necessary   to  secure 

accurate  assemblj. 

6-15.      ..lECHAiNlCiJ-  AHD  HYDRAULiL  3iUil£S  .- 

(a)  Main  Hoist.    -  The   drive   of  each  hoist    Irum  shall   be  equipped 
with  a  mechanical   load   brake  which  shall  have  capacity  to  hold   lOOt  of  the 
rated  torque  of  the   hoist  motor,   and  which  shall  be  designed  to  prevent   the 
load  from  lowering  unless  the  hoist  motor   is  revolving  under  power  in  the 
lowering  direction.      Br-kes  shall  preferably  be   of  the   type   which  utilizes 
the  thrust  of  the  worm  gear  in  the   spaed  reducer  to  produce   pressure  on 
friction  disks,   and  which  operate   in  conjunction  with  thrustor  brakes  on 
motor  shaft  and   iriven  disk.      Brakes  shall  run   in  a   bath  of  oil  and  shall 
be   so  arranged   that  611  strain  due  to   loads   is  taken  from  the  motors   when 
the   brakes   are  applied.      At   the   full  speed   lowering  position  of  the  con- 
troller tlie  regenerative   action  of   the   hoist  motor   shall  provide   the   braking 
effect. 

(b)  Gantry  Travel.-  A  hydraulically  operated  brake  shall  be 
provided    to  control  tne  ga.try  travel   in  both  directiona.     This   brake   shall 
be   actuated  by  a  f^ot  pedal   in  the   operator's  cab  and  shall  develop  a 
retarding  torque   at   the  revolving  motor  shaft  equal   to  the  motor's  full 
load  torque  when  the  pedal   is   under  a  pressure  of   not  more   than  ^0  pounds. 
The   operating  conditions  for   the   crane  require  that   it   be   accurately  and 
quickly  spotted  over  the  gate  openings,    and  the  brakes   shall   be  adequate 
for   tais  purpose. 

6-16.      R0P5-  SHEAVES.   -  Rope  sheaves  shall  be   solid  rolled  steel.   The 
rope  grooves  shall  be  turned.      Pitch  diconeter  or  rope  grooves  for  all  moving 
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sheaves   shall  be  not  less  than  2?  times    the  diameter  of  the   rope  and  for 
equalizin<<  sheaves  not  less   than  20  times   the  diameter  of   the  rope.     All 
sheaves  shall  be  provided  with  anti-friction  bearings  or  with  phosphor 
bronze  bushings  forced   into  the  hubs  and  dowelled.      The  design  of    the  lower 
sheave  blocks  shall   suit  the  design  of    the  lifting  beams   to  be  used  with  the 
crane.     Adequate   provision  shall  be  rrade  for  lubrication  of  all  sheaves. 

6-17.     WIRE  ROPE.    -  All  hoisitng  rope  shall  conform  to  T^'ederal  Speci- 
fication RP-R-571 I   Type  XXXIII,   uncoated.     No  rope  larger  than  1-3/8   inches 
in  diameter  shall   be  used  and    if  practicable,   none  over  1-1/4  inches.      The 
ropes   shall  be   of   sufficient  length  to  provide  two  extra  turns  on  each 
drum  plus  adequate  allowance  for  attaching   to   the  drum. 

6-18,     SPRING  BUMPERS.   -  The  four   corners  of   the  crane  shall  be  provided 
with  spring  bumpers   to  prevent   injury  to  the  crane,   or  to   the  loads   being 
carried,   by  collision  with   the   track  stops  or  with  another  crane.     Tbe  two 
bumpers  at  each  end  of   the   crane   shall  be  capable  of  bringing   the  crane  to 
a  safe  stop  when  traveling   in  either  direction  at  rated  speed  with  a  load  of 
130   tons  and  the  power  cut  off,   without  excessive  stresses    in  the   structure 
or  equipment  and  with  a  minimum  plunger  travel  of  5   inches.     The  bumpers 
shall  consist  of   suitable  springs  1   steel   cylinders,   and  rams  and  shall  be 
fastened  securely  to  the  trucks. 

Spring  bumpers   shall  be  provided  on  the   trolley  runway  to  limit    the 
travel  of  the  trolley  in  each  direction  as  shown   on  the  drawinf^'-.     They  shall 
be  attached    to   the  trolley  girders  and   shell   contact  lugs  on  the  trolley 
frames.     Th©   two  bumpers  at  each  end  of   the   trolley  runway  shall   have  suff- 
icient capacity   to  bring   the   trolley,    traveling  at  rated  speed  with  power 
off  and  with  a   load  of  I30  tons,    to  a   safe  stop   in  five   inches. 

6-19,     COUPLING  BQUIPMEJTT.    -  Adequate  means   shall  be  provided  on  both 
sides  of  the  north  end  of   the  crane,   as   indicated  on   the  drawings,   so   that 
the  crane,   loaded   or  unloaded,  may  be   towed  or  pushed  along   the  runway  by 
Crane  No.   2  which  will  be  of   like  construction   to  Crane  No.  1. 

6-20.     SHAFTING  AND  COUPLINGS.    -  Shafting  shall  be  amply  proportioned 
and  supported  and  provided  with  adequate  means   to  prevent  longitudinal 
movement.     All  shafting  3   inches  in  diameter  and  larger  shall  be  made  from 
hot-rolled  steel   bars,    turned  and  ground,  with  fillets  of  not  less   than  1/4 
inch  radius  where  changes  of  section  occur,  and  shall  be  polished  at   the 
bearings.     Shafting  smaller   than  3   inches  may  be  made  of   cold-finished  steel, 
if  of  uniform  diameter,   otherwise  of   hot-rolled  steel  bars.     Flanged  coup- 
lings of   the  rigid   type  shall  be  carbon-steel  forcings  with  safety  type  flanges, 
finished  all  over  and  fitted  with  turned  bolts.     Couplings  shall   be  strong 
enough  to  develop  the   full   strength  of   the   shafting  which  they  connect,   and 
shall  be  pressed  and  keyed   to  the  shafting. 

6-21.     BOLTS  AND  NUTS.    -  All  bolts,  nuts,   and  studs,   except  fitting- 
up  bolts,   shall  conform  to  the  American  Standards  Association's   requirements 
for  semi-finished,   washer-faced  hexagon  heads  and  nuts  with  cut   threads,  coarse 
thread  series.  Class  2  fit.     Heads  shall  be  of  "American  Standard,   regular*  and 
nuts  shall  be  of   "American  Standard,    heavy*  proportions. 

TUmed  bolts  shall  meet  all    the  requirements  of  bolt  and  nut  specifications, 
and,    in  addition,    the  diameter  of  the   shank  shall  be  I/16  inch  larger  than  the 
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nominal  diamoter  of   the  thread  and  shall   be   turned   truly  cylindrical  within 
the  limits  and   tolerances  of  a  Class  k  fit  of  the  American  Standards  Asso- 
ciation.    Holes   in  the  parts  shall  be  correspondingly  reamed.     The  unthreated 
portion  of   the  shank  shall  be  I/I6   to  l/g    inch  longer  than  the   thickness  of   the 
connected  members.     Sach  bolt  shall  be  r  'ovided  with  a  washer  l//j.  inch  thick. 

6-22.     KEYS  AND  KKYWAYS.    -  Keys  shall,    in  general,   conform  to  the  American 
Standards  Association  Specifications  Bl7-l-1934i   for  Shafting  and  Stock  Keys. 
If   two  or  three  keys  are  used,    they  shall  be  placed  120°  apart. 

6-23.     GEAR  CASES,   GUARDS,  AND  COVERS.    -  All  gears  excepting   the  drum  gears 
and  pinions,   shall  be  inclosed  in  oil  tight  cases  provided  with  felt  seals,  oil 
level  gauges  or  plugs,  and  drain  plugs,  and  so  arranged   that  one-half  of   the 
case  may  be  easily  removed  for  complete  inspection  of  the  gears.     Access  hand 
holes  with  tight  cover  plates  shall  be  provided.     Gear  cases  may  be  made  of  cast 
iron,   steel  castings,  or  3A6   inch  minimum  thickness  steel  plate,   riveted  or 
welded. 

Wheel  guards   for  the  gantry     rucks  shall  be   steel  castings  or  steel  plate 
rot  less  than  3/8  inch  thick.     Guar Is  for  drum  gears  and  pinions  shall  be  not 
less   than  1/4  inch  thick. 

Suitable  drip  pans  made  of  steel  plate  not  leas  than  3A6  inch  thick 
shall  be  provided  to  collect  oil  and  grease  which  may  drop  from  operating  parts. 
All  gear  cases  and  drip  pans  shall  be  provided  with  means  for  cleaning  and 
draining  without  dismantling  any  of  the  equipment. 

6-24.     UJBRICATION.    -  "Hie  lubrication  of  the  mechanical  parts  of  the  crane 
shall  be  by  means  of  high  pressure  grease,   except  that  lubrication  of   the  motors 
and  speed  reducers  shall  be  as  provided  by  the  manufacturer  of   these  units, 
and  that  packed   type  journal  boxes  for  the  gantry  and  trolley  trucks  shall  be 
provided  nith  Stapax  journal  lubrication  or  equivalent.     All  high-pressure 
grease-lubricated  points  shall  be   provided  with  industrial   type  button-head 
fittings  which  shall   be  located   in  readily  accessible  positions.     If  necessary, 
the  fittings  shall  be  connected  with   the  points  of  lubrication  by  tubing  which 
shall  be  of  copper  or  brass,  of  ample   size     and  strength  to  withstand  the  cold 
lubricant  working  pressure,  and  securely  fastened. 

6-25.      TOOLS  AND  INSTRUCTIONS.    -  A  complete  set  of  high  grade  wrenches 
and  other  necessary  tools   shall  be  provided   in   sufficient  variety  to  turn 
every  size  bolt,   nut,  and  screw  on   the   crane  and   including  any  special    tools  ne- 
cessary to  reach  difficult  positions,     riach  tool   shall   be   stamped  or  provided 
with  a  metal   tag  so   that   it  may  be  easily   identified  as  to  its  use  and  size. 
Suitable  metal  racks   shall  be  provided   in  the  operator's  cab  with  a  designated 
place  for  each   tool  and  with  space  for  grease  gtin  and  oil   can.     A  metal  rack 
for  a  complete  set  of  spar«   fuses  and  light  bulbs  shall  also  be  installed   in 
the  cab.     Ibe  tool  rack  and    the  fuse  rack  shall  each  be  mounted  in  a  sub- 
stantial metal  case  with  hinged  door  and  catch.     One  grease  gun,  one  oil-can 
and  one  set  of  spare  fuses  shall  be  furnished. 

A  ccxnplete  set   of  instructions  covering  the  care  and  operation  of  the 
crane   shall  be  provided  for  refeT-ence.      In  addition,   a  printed  copy  or  black 
line  print  of  general  operating     instructions,  mounted   in  a  metal  frame  fitted 
with  a  glass  cover,   shall  be   installed  in  the  operator's  cab. 
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6-^6.     xNAiiiE  PLATiS.   -  The  contractor  may  furnish  and  attach  to  the 
crane  structure   one   name  pl&te  measuring  not  more   than   12   inches   by  Id 
inches  stating  the  rated  Capacity  of   the  main  hoist   and  the   auxiliary 
hoist  and   the   contractor's  name. 
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Speciflcationst  Long  Sault  Dam. 

SiiCTION  VII  -  MJjCTRICaL  i,CiUIPMivNT 

7-01.  QQfiSRAL,   -  All  electrical  equipment  and  wiring  on  the  cranes  shall 
conform  to  the  requirements  of  the  National  Electrical  Code,  the  National 
Electric  Safety  Code,  and  the  Standards  of  the  Nttional  «'leotrio  lanufaoturers 
Association,  except  as  otherwise  specified  herein.  All  safety  devices  such  as 
mats,  railings,  screens,  guards,  or  equipment  required  to  meet  these  codes  and 
standards  shall  be  furnished  by  the  contractor.  All  equipment  and  devices 
necessary  for  proper  operation  of  the  crane  in  the  aanner  specified,  whether 
or  not  particularly  called  for,  shall  be  furnished  by  the  coatractor. 

The  power  supply  will  be  at  1^0   volts,  3  phase,  6o  cycles,  and  will  be 
taken  to  the  crane  collectors  through  main  copper  conductors  furnished  by 
the  Grovemment  and  located  in  a  recess  in  the  upstream  side  of  the  dam  below 
the  level  of  the  deck. 

All  safety  switches •  drum  switches,  magnetic  switches,  main  line  con- 
tactors, and  main  wiring  shall  be  furnished  with  sufficient  mechanical 
thermal,  and  short-time  current  capacity  to  be  fully  protected  by  the  main 
fuses  under  short  circuits  of  any  value  up  to  10,000  RMS  amperes. 

7-02.  i^IN  CONDUCTORS  ON  DAM.  -  The  main  conductors  in  the  slot  on  the 
upstream  side  of  the  spillway  bridge  and  north  bulkhead,  together  with  steel 
supports,  connection  and  covers,  will  be  furnished  by  the  Government. 

7-03.   COLLHCTORS  AM)  CONDUCTORS  JN  CRANiL.  -  The  contractor  shall  fur- 
nish, for  the  main  power  take-off,  bronze  shoe  collectors  installed  on  the 
steel  collector  am  (paragraph  4-07)  and  designed  to  operate  on  the  curved 
main  conductors.  The  shoe  collectors  shall  be  Electric  Service  Supplies 
Company,  Type  121,  or  equivalent,  with  porcelain  or  composition  insulators 
rated  not  less  than  1000  volts. 

The   contractor  shall  provide  approved  insulated  flexible  power  and 
control  cables  looped  from  a  terminal  box,  attached  to  the  roof  structure 
of  the  trolley  housing,  to  a  terminal  box  on  the  crane  trolley.  For  tem- 
porary service  during  diversion  gate  operation,  the  total  trolley  travel 
will  be  approximately  34  feat,  but  for  permanent  operation  it  will  be 
approximately  21  feet.  The  cables  shall  be  of  sufficient  length  to  permit 
operation  of  the  trolley  for  temporary  service,  but  provision  shall  be  made 
for  conveniently  shortening  the  cables  for  permanent  service.  The  cable  in- 
stallation shall  provide  secure  anchorage  and  support,  as  well  as  maximum  pro- 
tection against  abrasion  and  other  mechanical  injury.  The  cables  shall  be 
made  of  extra  flexible  individual  conductors  insulated  as  specified  in  para- 
graph 7*'13«  and  in  addition  each  cable  assembly  shall  have  a  60  percent  tough 
rubber  jacket. 

7-04.  MAIN  SUPPLY  Sn ITCH.  -  A  three-pole,  single-throw,  bottom-fused, 
400  ampere,  575-^olt»  inclosed  safety  switch  with  40O  ampere  non-renewable 
fuses  shall  be  provided  in  the  supply  circuit.  The  switch  shall  be  conven- 
iently located  near  the  cab  entrance.  A  23  watt  pilot  lamp  and  resistor  con- 
nected to  the  supply  side  of  the  main  switch  shall  be  provided  and  installed 
on  the  switch  inclosure. 

7-05.  MAIN  SUPPLY  CONTACTOR.  -  A  3OO  ampere,  575-volt,  inclosed  type,  3-pcle 
main  contactor  shall  be  provided  and  connected  so  that  it  will  be  tripped 
instantaneously  by  overload  on  any  main  motor  circuit  and  by  all  em- 


ergency  circuits  and  protective  devices.  The  circuit  also  shall  be  connected 
so  that  all  drvim  controllers  must  be  in  the  "off"  position  before  the  main  con- 
tactor can  be  reclosed.  The  contactor  shall  operate  within  the  voltage  and 
temperature  limits  specified  in  paragraph  7-07 • 

A   heavy  duty  "Start-Stop"  push  button  station  shall  be  located  conven- 
iently near  the  operator's  stand  to  provide  for  emergency  trip. 

A  weatherproof,  heavy  duty,  maintaining  contact  push  button  station  shall 
also  be  provided,  within  reach  from  the  deck,  near  each  end  of  the  crane,  on 
the  downstream  bottom  sill.  The  push  button  switch  shall  interrupt  the  con- 
trol circuit  of  the  main  supply  contactor  to  provide  emergency  shut-down  of  the 
entire  crane. 

7-06.  CONTROLS.  -  The  master  switches  and  control  panels  shall  be  lo- 
cated in  the  operator's  cab  and  arranged  so  that  one  operator  may  control  all 
functions  of  the  crane  with  maximum  convenience  and  visability.  Interlocks 
shall  be  provided  to  limit  operation  to  only  one  laotion  at  a  time. 

The  controls  for  the  main  hoist,  auxiliary  hoist,  and  gantry  drive 
motors  shall  be  of  the  full  magnetic,  reversing,  time-limiting  acceleration 
type,  operated  by  master  switches  with  vertical  handles.  The  gantry  travel 
motors  control  shall  be  so  connected  that  all  four  motors  must  operate  to- 
gether and  shall  have  a  drift  point  for  both  directions  of  travel  for  operat- 
ing a  thruster  motor  brake  circuit  magnetic  contactor.  The  control  for  the 
trolley  travel  motor  shall  be  of  the  semi -magnetic,  reversing  type  operated 
by  a  drum  switch  with  a  vertical  handle.  The  reversing  may  be  done  by  means 
of  contactors  in  the  controller  itself. 

iBach  drum  and  master  switch  shall  be  provided  with  a  vertical  handle 
and  deadman  pilot  contact  control  or  spring  return.  All  motor  controls  shall 
have  not  less  than  five  accelerating  points  and  shall  limit  the  operation  of 
the  motor  to  that  accelerating  point  corresponding  to  the  position  of  the 
master  switch.   Each  drum  and  master  switch  shall  be  inclosed  in  dust-tight 
cases  and  shall  be  provided  with  conduit  entrance  boxes,  ^'he  bearings  shall 
be  of  the  removable  bushing  or  ball-bearing  type.   The  drum  contact  fingers 
shall  be  self -aligning  and  adjustable  to  compensate  for  wear  and  shall  be 
easily  renewable.  Terminals  for  clan^j-type  solderless  connections  shall  be 
provided  for  all  leads  and  shall  have  identifying  markers. 

The  magnetic  contactors  for  each  motor  shall  be  mounted  on  a  moulded 
ebony  asbestos  panel  not  less  than  1^  inches  thick  and  each  panel  shall  be 
mounted  in  a  totally  inclosed  ventiliitol  steel  cabinet  provided  with  remov- 
able panels  in  the  rear  and  hinged  doors  with  three  point  vault  type  latches 
and  handles  in  the  front. 

A  two-element  instantaneous  overload  relay  shall  be  provid^id  for 
each  motor.  Each  relay  shall  be  adjustable  over  a  range  of  I30  to  3OO  percent 
of  the  normal  full  load  rating  of  the  coiuiacted  laotor.  Operation  of  the  motor 
relays  shall  trip  the  main  line  contoctor. 

Secondary  controls  shall  be  rated  at  least  equal  to  the  highest  voltage 
obtained  at  the  slip-rings  of  the  motors  under  plugging  conditions  specified 
in  paragraph  7-09 • 

A  three-pole,  single-throw,  200  ampere,  575-volt,  unfused  knife  switch 
shall  be  provided  for  each  hoist  and  gantry'  travel  .notor  branch  circuit,  ahoai 
of  the  overload  relays  and  primary  contactors.  A  three-pole,  single-throw, 
100  an5)ere,  575-vol"t»  bottom  fused  knife  switch  shall  be  provided  in  tho  t-'ollsy 
travel  motor  circuit  ahead  of  the  overload  relays  and  primary  contactors. 

A  two-pole,  60  ampere,  575'^o^^   knife  switch  with  30  ampere  fuse 
clip  and  non-renewable  fuses  shall  be  provided  for  each  motor  control  cir- 


cuit  and  shall  be  connected  on  the  supply  side  of  the  three-pole  motor 
knife  switch  in  such  a  manner  that  all  motor  control  contactors  can  be 
operated  froa  the  drum  controllers  without  supplying  power  to  the  motors. 

7-07.  MAGI^JtTIC  S/iITCHisS.  -  Each  mgnetic  switch  shall  hare  an  inclosed 
capacity  not  less  than  100  percent  of  the  full  rating  of  its  connected  motor 
or  load,  but  in  no  case  less  than  75  amperes,  with  teii^perature  rise  of 
contacts  not  to  exceed  65  degrees  centigrade  above  4^  degrees  centigrade 
ambient  air  outside  the  inclosing  case.  Each  switch  shall  be  designed  for 
full  voltage  line  start  motor  control  and  shall  be  provided  with  arc  suppress- 
ors. All  operating  coils  shall  operate  successfully  on  any  voltage  froa  83 
to  110  percent  of  normal,  and  the  maximum  temperature  rise  shall  not  exceed 
65  degrees  centigrade  measured  by  thermometer  above  an  ambient  temperature  of 
40  degrees  centigrade  outside  the  inclosing  case.  £ach  switch  shall  be  inc- 
losed in  a  safety  type  steel  inclosure  or  mounted  on  a  control  panel  «4iich 
shall  be  inclosed  as  specified  in  paragraph  7-06. 

7-08.   LIMIT  S#I1CHisS.  -  Limit  switches  shall  be  provided  to  control  the 
upper  limits  of  travel  of  the  main  hoist  and  of  the  auxiliary  hoist.  Ihe 
trolley  travel  and  the  gantry  travel  shall  be  controlled  in  both  directions 
by  limit  switches.  For  temporary  operation  of  the  trolley  on  the  canti- 
lever arm,  provision  shall  be  made  so  that  the  crane  operator  may  manually 
by-pass  the  switch  limiting  the  trolley  movement  in  the  upstream  direction. 
Trippers  for  operating  the  gantry  travel  limit  switch  shall  be  furnished  by 
the  contractor  for  installation  by  the  Government  near  each  end  of  the  runway. 
One  tripper  will  be  installed  temporarily  to  limit  the  gentry  travel  to  a 
point  south  of  the  center  line  of  Pier  No.  14;  and  the  design  shall  permit  its 
removal  and  reinstallation,  near  the  north  end  of  the  crane  runway  after  the 
dam  is  completed. 

Limit  switches  shall  be  connected  in  pilot  circuits  only.  The  making 
and  breaking  of  the  contactor  operating  oil  currents  shall  be  done  by  suitable 
relays  of  ample  capacity.  They  shall  be  of  the  outdoor,  weatherproof  type 
and  shall  be  provided  with  conduit  connections.  All  limit  switches  shall 
reset  automatically. 

7-09.  MOTORS.  -  All  motors  shall  be  rated  440  volt,  3-phase,  60  cycles, 
with  torque  and  capacity  as  required  for  the  duty  specified  and  with  frame 
type,  time  and  temperature  ratings,  and  speeds  as  follows: 

Motor  Ffame  Type  Time  &         Synchronous  Speed 

Tanp.  Rating         Not  to  exceed 
Main  Hoist — — .— open  60  Minute 

Wound  Rotor      50^  c.  60O 

Auxiliary  Hoist— ————Open  60  Minute 

Wound  Rotor      50©  C.  900 

Trolley  Drive-— — - — —Open  30  Minute 

Wound  Rotor      50°  C.  900" 

Gentry  Travel Open  60  Minute 

Wound  Rotor      50©  C.  1800 

Gearmotors 
Commercial  tests  shall  be  made  on  all  motors  in  accordance  with 
NEMA  Code  MG9-54I*  Four  copies  of  each  test  shall  be  submitted  to  the 
contracting  officer  for  approval.  ,  Bach  motor  shall  have  ball  or  roller 
bearings  in  dust-proof  housings  having  adequate  means  of  retaining  the 
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correct  amount  of  lubricant  without  dripping.  Windings  shall  be  insulated 
with  AIE^  Class  "A"  insulation,  especially  irrpregnatcd  to  withstand  mois- 
ture and  braced  to  rithstand  starting,  running,  and  plugging  stresses.  All 
rrotors  shall  withstand  30  percent  overspeed  and  plug  ging  at  100  percent 
speed  without  mechanical  injury  and  without  the  secondary  voltage  exceeding 
the  rated  voltage  of  the  secondary  controls.   The  starting  torque  of  all 
motors  shall  be  not  less  than  200  percent  of  full  load  torque  at  rated  vol- 
tage with  the  rotor  in  the  angular  position  for  minimum  torque  and  with  sec- 
ondary resistance  of  value  for  maximum  torque.   Each  slip  ring  shall  have  at 
least  two  brushes  .•ith  flexible  copper  shunts. 

7-10.  -  POWER  FACTOR  CORRECTION.  -  Static  capacitors  shall  be  provided 
for  power  factor  correction  of  the  mair  hoist  rotor  and  the  gantry  travel 
motors.   The  capacitors  shall  be  connected  directly  to  the  motors  so  that  no 
additonal  control  or  protective  equipment  will  be  required.   Capacities  shall 
be  rated  in  Kva  at  not  less  than  fifty  percent  (30%)   of  the  horse  power  rat- 
ing of  the  motors  to  which  they  are  connected.   Capacitors  shall  be  similar 
and  equal  to  Type  FP,  manufactured  by  the  Westinghouse  Electric  and  ^nufac- 
turing  Company. 

7-11.  ELECTRIC  BRAKES.  -  All  motors  shall  be  provided  with  shoe  type 
brakes  of  rugged  construction  and  positive  action.  They  shall  be  so  arran- 
ged that  they  may  be  released  nanually,  but  c annot  be  locked  in  the  release 
position.  The  niain  hoist  shall  be  equipped  with  thrustor  b  akes,  floor 
mrunted,  with  the  rating  at  each  drum  100^  of  the  rated  motor  torque.  The 
auxiliary  hoist  motor  and  each  gantry  travel  rrotor  shall  have  floor  mounted 
thrustor  brakes,  each  rated  at  150^  of  the  rated  motor  torque.  The  trolley 
drive  motor  shall  have  a  motor  mounted  thrustor  or  solenoid  brake  rated  at 
1505Cof  the  rated  irotor  torque. 

All  brakes  shall  have  non-corrodible  operating  mecljanism  wearing 
parts,  shall  be  self-aligning,  and  shall  have  independent  adjustment  for 
lining  wear  and  torque.  Thrustor  windings  and  solenoid  coils  shall  have 
special  moisture-resisting  Class  A  insulation.  The  temperature  rise  of  the 
brake  solenoid  coils  shall  notT  exceed  63  degrees  C«  by  thermometer  and  the 
temperature  rise  of  the  thrustor  motors  shall  not  exceed  55  degrees  C. 
above  40  decrees  C.  ambient  air  under  continuous  service.  The  brakes  on 
the  gantry  travel  motors  shall  be  desicned  for  quick  release,  and  for  gradual 
application  which  shall  be  adjustable  over  a  period  of  one  to  twenty  seconds 
inclusive.  All  othei  brakes  shall  be  designed  both  for  quick  release  and 
quick  setting  without  undue  shock  or  impact, 

7-12.  RESISTORS.  -  Resistors  shall  be  of  non-corrodible  resistor  metal 
strap  having  negligible  temperature  coefficient  of  expahsion,  edgewise 
wound  about  an  insulating  support.  The  resiator  design  for  the  various 
motors  shall  conform  to  suitable  NEJ.'!A  classifications  for  continuous  duty, 
and  shall  be  of  sections  suitable  for  five  accel  rating  points.  Barriers  of 

compressed  asbestos  fibre  composition  shall  be  provided  between  motor  start- 
er resistor  assemblies.  All  resistor  assemblies  shall  be  mounted  in  a  suit- 
able, inclosed,  weatherproof .ventilated  space,  preferably  above  the  oper- 
ator's cab. 

7-13 •   INSUIATED  CONDUCTORS,  WIRING  AND  CONDUIT*  -  All  wiring  shall  be 
furnished,  and  installed  as  far  as  practicable,  by  the  contractor.  All  wir- 
ing except  flexible  cables  shall  be  installed  in  rigid,  threaded,  galvanized 
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steel  conduit  with  watertight  Junction  and  pull  boxes  at  intervals  close 
enough  to  allow  the  cables  or  wires  to  be  pulled  without  abrasion  or  injury. 
Conduit  shall  conform  to  Federal  Specifications  WW-C-58I-A  with  both  in- 
side and  outside  surfaces  and  all  threads  zinc-coated.     The  conduit  shall 
form  a  continuous  watertight  system,   rigidly  supported.     Where  conductors 
connect  to  the  current  collectors  or  trolley  conductors,   conduit  fittings 
with  gaskets  shell  be  installed  with  necessary  drip  loops.     The  entire  con- 
duit system  shall  be  grounded  and  drained.     No  conduit  shell  be  smaller  than 
3/4  inch  size. 

The  wire  for  the  service  bi^tweon  the  wain  collectors  and  the  main 
switch  shall  be  stranded  copper  and  not   less   than  h/O  AWG.     All  wiring  except 
that  adjacent  to  resistors  and  except  control  panel  wiring  shall  be  of  st- 
randed copper,    insulated   in  aocordaaco  with  Federal  Specification  JC-106a. 
All  panel  wiring  shall  be  miniuuin  llo,   12  ^'SQ,   tinned,   solid,  and  equal 
to  Rockbestos  Products  Corporation  60O  volt  Rockbestos  switchboard  wire. 
All  wire  adjacent   to  resistors  shall  be  stranded,   equal  to  Rockbestos  60O 
volt  rheostat  wire. 

7- 14,     SANDhRS.  -  One  electormagnetic   sander  shall  be  provided  for  each 
gantry  truck.     The  sander  hoppers  shall  have  approxiiaately  two-cubic   foot 
capacity.     Each  shall  be  equipped  with  a  solenoid-operated  brass  sand  valve 
and  a  totally  inclosed  Tvatertight  heating  element  suitable  for  continous 
service.     The  sanding  pipes  shall  be  arranged  to  deliver  sand  as  near  as  pos- 
sible to  the  contact  point  between  the  crane  rail  and  truck  wheels  for  both 
directions  of  travel. 

A  60  -  ampere,  375  volt,   2-pole,    fused,   safety  sv/itch  shall  be  mounted   in 
the  operator's  cab  and  connected  to  the  kk^  volt  main  bus  to  supply  service 
to  the  sander  heating  elements.     The  solenoid  valves  shall  be  controlled  by 
a  600  volt  foot  switch  on  the  cab  floor.     3and-rs  as  manufactured  by  the  Ni- 
chols-Lintern  Company,  or  equal,  will  be  acceptable. 

7-15 •     l^GHTING.  -  A  weatherproof  lighting  installation  shall  be  provided 
to  illuminate  the  area  in  front  of  the  operator's  cab,  gate  slot,   and  a  por- 
tion of  the  runway  at  each  end  of  the  gantry  crane  as  indicated  on  the  draw- 
ings.    7 he  lighting  units  shell  be  of  the  types  shown  on  the  drawing  and  in 
addition  thereto,  an  adequate  number  of  suitable  lighting  units  shall  be  pro- 
vided  in  the  operator's  cab  and  in  the  trolley  housing,    110-volt  plug  recep- 
tacles shall  be  provided  as  indicated  on  the  drav.ings.     Ibe  lights  and  plug 
receptacles  shall  be  energized  by  a  440-220/110  volt,  dry-type,   two-winding 
transformers  of  adequate  capacity  mounted  on  the  crane  and  fed  from  the  3- 
phase  power  supply.     The  440-volt  branch  circuit  for  the  lighting  system 
shall  be  protected  by  a  suitable  circuit  breaker.     A  II5/230  volt  panel  board 
shall  be  provided  in  the  operator's  cab  and  shall  contain  at   least  2  spare 
single-pole  circuit  breakers   in  addition  to  those  required  for  protecting  and 
controlling  the  branch  circuits  to  lights  and  plug  receptacles. 

7-16.     /«ARNING  SIGNAL.   -  The  crane  shall  be  provided  with  one  double- 
headed,   motor  driven,  vibratory  type,    110-volt,   single-phase,  weatherproof 
heavy-duty  siren,  as  manufactured  by  the  Electric  Service  Supplies  Canpany, 
or  equal,   so  mounted  as  to  signal  in  both  directions  of  tsavel,      A  foot-op- 
erated switch  shall  be  provided  in  the  operator's  cab  for  operating  the  siren. 

7-17,     NAuLh  PLtoTiS  -ttM)  i-iAHKiiRS.   -  Each  push  button,   control  switch,   cir- 
cuit breaker,  magnetic  switch,  drum  controller,  knife  switch,  and  motor  pro- 
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tec tire  relay   shall  be  provided  with  an  approTed  name  plate,   containing  an 
inscription  i^ich  shall  gire  the  circuit  and  the  function  of  the  device.     Suit- 
able markers  shall  be  provided  for  all  resistors,   conduits  and  wiring.     These 
-oarkers  may  be  suitable  tag?  or  name  plates  securely  fastened  to  the  device. 

7-18.     GASOLINB-fiLBSraiC  GHJERATING  UNIT. 

(a)  General.   -  The  gasoline-elactric  generating  unit  shall  con- 
sist of  a  gasoline  engine  of  not  less  than  6  cylinders  direct  connected 
through  a  flexible  coupling  to  a  I56  Kva  80SS  power  factor*  alternating  current 
generator,  mounted  on  a  cork  Insulated  common  base*     The  contractor  shall 
furnish  the  accessories  listed  in  paragraph  7-18   (b)(15)t  and  all  other  parts, 
fittings  or  accessories  necessary  for  the  complete  installation,   including 
switchboard  and  electric  wiring  from  the  generator. 

(b)  Gasoline  Engine. 

(1)  The  engine  shall  be  of  the  4-cyc^e  internal  combustion 
type,  and  shall  be  capable  of  developing  not  less  than  200  brake  HP  for  con- 
tinuous operation  at  1200  R.F.M. ,  operating  on  gasoline  conforming  with  Fed- 
eral Specification  W-G-lOla,  •Gasoline,  Motor,  U.S.  "Tovemment". 

(2)  Governor.  -  The  engine  shall  be  equipped  with  a  suitable 
governor.  The  normal  full  load  speed  of  the  engine  shall  be  I800  R.P.M.  and 
the  normal  no  load  speed  shall  not  exceed  I89O  R.P.M.  The  speed  of  the  engine 
may  vary  between  I8OO  R.P.M.  and  I89O  R.PJil.,  in  proportion  to  the  percentage 
of  loading,  but  for  any  constant  loading  between  no  load  and  full  load,  the 
speed  shall  not  fluctuate  more  than  liX,  from  the  normal  speed  for  such  per- 
centage of  loading.  When  the  engine  is  running  with  no  load  and  full  load 

is  suddenly  applied,  the  speed  shall  not  fall  more  than  (>X   below  full  load 
speed  and  shall  return  to  noimal  full  load  speed  within  6  seconds.  When  the  engine 
is  running  under  full  load  and  the  load  is  suddenly  thrown  off  the  speed 
shall  not  increase  more  than  (>%  above  the  normal  no  load  speed  and  shall  re- 
turn to  the  normal  no  load  speed  within  6  seconds. 

(3)  Cylinders.  -  The  cylinders  shall  be  cast  from  hard 
close  grained  gray  iron  or  of  nickel  alloy  iron.  The  cylinders  may  be  cast 
enblock  or  in  pairs,  but  shall  not  be  cast  integral  with  the  crank  case.  If 
cast  in  pairs  they  shall  be  provided  with  removable  wet  sleeve  liners.  They 
shall  have  water  jackets  of  ample  size  to  insure  thorough  circulation  and 
uniform  cooling. 

(4)  Cylinder  Heads.  -  Cylinder  heads  shall  be  removable,  com- 
pletely water  jacketed  and  preferably  of  the  same  material  from  which  the 
cylinders  are  made.  They  shall  be  secured  to  the  cylinders  with  a  suffic- 
ient number  and  size  of  studs  to  insure  freedom  from  gasket  leakage. 

(3)  Piston  and  Pins.  -  The  pistons  shall  be  a  suitable  light- 
weight alloy.  The  piston  pins  shall  be  provided  with  liberally  proportioned 
bearings. 

(6)  Connecting  Rods.  -  The  connecting  rods  shall  be  forged 
from  high-grade  material,  heat  treated.  The  crank  pin  and  of  the  rods  shall 
be  machined  and  fitted  with  renewable,  bronze  or  steel  backed,  babbit-lined 
bearings. 

(7)  Crankshaft.  -  The  crankshaft  shall  be  drop  forged  from 
a  suitable  high-grade  steel  and  heat  treated.  The  crankshaft  and  recipro- 
cating parts  shall  be  dynamically  balanced  for  the  nonnal  speed  range  of  1800 
to  I89O  R.P.M.  and  there  shall  be  no  injurious  vibrations  at  any  operating 
speed  up  to  40^  above  normal  no  load  speed. 

(8)  Camshaft.  -  The  camshaft  ahall  be  drop  forged  with  cama 

forged  Integral  and  all  cams  and  bearings  ground  to  size.  The  camshaft  may  b*  dri- 
ven by  an  arrangement  of  gears  or  may  be  chain  driven.  The  proportions  of  parts 
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and  materials  used  in  the  camshaft  drive  system  shall  be  such  as  to  insure  long 
life  and  quiet  trouble-free  operation.  Adequate  provisions  shall  be  made  for 
lubrication  of  all  parts. 

(9)  Main  Bearings.  -  The  number  of  main  bearings  shall  not  be 
less  than  four.  The  bearings  shall  be  so  designed  and  placed  that  they  may  be  re< 
placed  without  difficulty.  The  main  bearings  shall  be  fitted  with  renewable 
bronze  or  steel  backed,  babbit-lined  bearings  or  other  equally  suitable  aetal. 

(10)  Crank  Case.  -  The  crank  case  shall  be  made  of  suitable 
material  and  of  sufficiently  rigid  construction  to  hold  all  cylinders,  bear 
ings,  and  other  working  parts  in  proper  alignmGnt.  They  shall  be  provided  with 
inspection  plates  so  arranged  es  to  give  easy  access  to  the  interior  of  tho 
crank  case  for  inspection  and  tlie  adju'stiaent  of  connecting  roAg  and  other  parts. 
The  crank  case  shall  be  so  arranged  as  to  present  a  neat  appearance  and  shall 
be  mounted  upon  a  suitable  sub-base  or  bed-plate  co^aoa  to  both  engine  and  gen- 
erator. 

^11)  Valves.  -  The  valves  shall  be  of  a  material  that  will 
withstand  high  tesipera tares  without  warping  or  pitting.  They  shall  be  so 
proportioned  for  area  and  lift  as  to  insure  low  velocities  for  entry  and  exit 
of  gas  and  quiteness  in  operation. 

,     (12)  Lubrication.  -  The  engine  shall  be  provided  with  a  suit- 
able arranged  oil  pump  which  shall  deliver  lubricating  oil  undr-r  pressure  to 
the  :jaia  bearings,  crank  pin  bearings  and  camshaft  bearing  and  if  the  engine 
is  of  overhead  valve  type,  to  the  valve  rocker  arms.  Pressure  lubrication  of 
piston  pins,  timing;  gears,  cams  and  valve  tappets  will  not  be  required  if 
other  means  which  will  insure  ample  lubrication  c^re  provided. 

^13)  Cooling  System.  -  The  engine  shall  be  provided  with  a 
radiator  of  high-grade  construction  and  material,  and  of  sufficient  cooling 
capacity  to  keep  the  cooling  water  below  the  boiliiig  toraparatnre  under  con- 
tinuous full  load  operating  conditions,  whan  the  ambient,  temperature  is  100 
degrees  F.  A  suitable  fan,  driven  by  the  engine,  shall  be  provided  for  cir- 
cultition  of  air  through  the  radiator.  The  radiator  shall  be  provided  with 
a  suitable  sheet  metal  hood  to  exhaust  the  air. 

(14)  Ignition  System.  -  The  engine  shall  be  provided  with 
dual  ignition.  One  system  shall  operate  from  the  storage  battery  and  shall 
consist  of  breaker,  distributor,  coil  and  high-tension  wiring  to  a  spark 
plug  in  each  cylinder;  the  other  system  shall  consist  of  a  suitable  magneto 
with  impulse  starter  couplings,  breaker  points  and  distributor  and  shall  heve 
high  tension  '.firing  and  spark  plugs  entirely  independent  of  the  battery  ig- 
nition system.  The  magneto  shall  be  driven  through  an  impulse  coupling  and 
the  engine  provided  with  suitable  means  for  hand  starting  or  magneto  ignition 
in  case  of  the  failure  of  batteries. 

(15^  Engine  Accessories.  -  The  following  accessories  shall  be 
furnished  by  the  manufacturer  of  the  engine. 

a.  Electric  Starter 

b.  £lectric  generator  for- starter  equipment 
£.       12-volt  heavy  duty  type  battery,   in  black 

steel  japanaed  or  enameled  cese,  lead 

lined  on  the  inside  and  laounted  in  or 

attached  to  the  base 
^.   Oil  cooler  and  filter 
£.   Air  cleaner  and  fire  screen 
X«   Water  circulating  punp 
g.   Engine  driven  fuel  pump 
h.   All  special  tools  and  wrenches 
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!•         Instrument  board,  mounted  on  the  engine  ai:d 
containing  an  oil  pressure  gauge,  ammeter, 
selector  ignition  switch,  start  switch  and 
tachometer 

X*         Flexible  coupling  similar  or  equal  to  the 
"Past"  type,  with  suitable  guard,  for 
connecting  engine  to  the  generator 

k*    Orerspeed  ignition  cut-out  switch 

^«    Water  temperature  thermometer 

(16)  Miscellaneous  Parts.  -  The  contractor  shall  furnish 
the  following  items  for  the  unit  and  such  other  parts  necessary  to  complete 
the  installations: 

a»         Hand  operated  gasoline  pump  to  supply  fuel  tank 

b.    60-gallon  capacity  fuel  tank 

£•    Dry  exhaust  auffler*  Maxim,  Burgess  or  «qual 

d.  Complete  fuel  and  air  rent  system 

e.  Flexible  metal  exhaust  hose  fitted  with  brazed 
metal,  connections  and  flanged  to  fit  engine 
exhaust  manifold* 

(17)  Spare  Parts.  -  The  contractor  shall  furnish  the  following 
spare  parts  1 

1  only  piston,  ccmplote  with  rings,  connecting 
rod  and  wrist  pin  with  shims  and  bolts 

1  only  cylinder  head 

2  only  cylinder  head  gasket 

1  only  complete  set  of  exhaust  and  intake  ralres, 
'  with  springs  and  other  pertinent  parts 

1  only  complete  engine  water  circulating  pump 

1  only  complete  set  of  spark  plugs 

1  only  main  bearing  shell  for  each  size  and  type 
used 

1  pair  crankpin  beariiag  shells 
Tbe  parts  shall  be  suitably  pecked  to  prevent  corrosion  and  the  packages 
properly  marked  for  identification. 

(0)  Gemorater.  Exciter  and  Voltage  Regulator. 

(1)  General.  -  Tbe  generator  and  exciter  windings  for  each 
unit  shall  be  insulated  with  class  "A"  insulation  and  thoroughly  imprognated 
with  moisture  and  oil  resistant"  insulating  compound  and  baked.  Brushes 
•hall  be  of  ample  size  and  brush  holders  sturdy  in  construction.  Ferrous 
accessory  parts  of  generator  and  exciter  including  bolts,  screws,  and  brush 
holders  shall  be  "Farkerized*  or  treated  in  a  similar  mamner  acceptable  to 
the  contracting  officer.  Details  of  construction  shall  be  such  as  to  proride 
satisfactory  service  under  long  periods  of  idleness  in  a  damp  atmosphere. 
Intifriction  bearings  of  ample  size  enclosed  in  dust-proof  housings  shall  be 
provided.  The  generator  shall  be  connected  to  the  engine  by  means  of  a  flex- 
ible coupling.  A  suitable  exciter  field  rheostat  arranged  for  moimting  off 
the  rear  of  the  switchboard  and  for  operation  by  a  hand-wheel  from  the  front 
of  the  switchboard  shall  be  provided.  The  overall  diameter  of  the  rheostats 
including  the  mounting  holes  shall  not  exceed  I5  inches.  The   generator  and 
exciter,  unless  otherwise  required  by  these  specifications,  shall  conform  to 
the  current  rules,  regulations  and  standards  of  the  cNational  Electrical 
Uanuf ac turers  Association"  and  the  "American.  Institute  of  Electrical  BBgineers"< 
All  parts  of  the  generator  and  exciter  shall  be  easily  accessible  for  in- 
spection, repair  and  replacement.  Provision  shall  be  made  for  feeding  power 
from  the  generator,  through  the  collector  into  the  collector  bua,  for  use 
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on  the  other  crane  or  other  equipment. 

(2)  Generator,  -  The  generator  shall  be  of  the  revolving 
field,  synchronous  type  with  direct-connected  excitor  and  shail  te  of  stand- 
ard construction  with  drip-proof  covers.   The  generator  shall  have  a  capacity 
of  1^6  •Nra,  with  80%   lagging  poTer  factor,  50  degreesC.  continuous  duty,  18C0 
R.P.R'. ,  3-pliase,  6o  cycle,  kQO   volts.   The  stator  leads  shall  be  of  extra 
flexible  stranded  cable  and  provided  with  terminal  lugs  ht used  in  a  tenninal 
box  with  a  removable  cover.   Terminal  lugs  diall  be  provided  at  the  rotor 
brush  holders  for  making  the  necessary  field  connections, and  a  suitable  termi- al 
clamp  or  .ox  shall  be  mounted  for  supporting  the  fiela  leads.   Frame  and  end 
brackets  shall  be  of  refined  cast  iron,  the  feet  being  cast  integral  with  the 
frame  or  of  equally  sturdy  construction.  Amortisseur  windings  shall  be  pro- 
vided and  shall  be  of  copper  bars  driven  through  slots  in  the  pole  faces  and 
welded  to  common  end  rings.  The  end  rings  shall  consist  of  sections  corr- 
esponding to  the  pole  pieces.   The  ring  sections  shall  be  securely  bolted 
together  where they  adjoin.   Collector  rings  shall  be  of  bronze  or  brass  sec- 
urely mounted  and  adequately  insulated  from  the  shaft  in  accoraance  with  app- 
roved constru  tion  methods.  They  shall  be  smooth  and  assembled  concentric 
with  the  shaft  on  which  they  are  mounted.   The  voltage  regulation  of  the  gen- 
erator at  80%  power  factor  lagging  shall  not  exceed  30  percent.  The  full  load 
efficiency  of  the  generator,  not  including  rheostat  or  exciter  losses,  shall 
not  be  less  than  8^%   at  80%  pov.'«r  factor  lagging. 

(3)  Exciter.  -  The  exciter  characteristics  shall  be  such  as  to 
provide  good  regulation  of  the  generator  up  to  130%  of  rated  load  at  80%  lagg- 
ing power  factor  and  shall  be  designed  foi'  operation  with  an  automatic  voltage 
regulator.   The  terminal  voltage  shall  be  125  volts, D.C.   It  diallbe  supported 
on  the  generator  end  bracket,  and  the  armature  sleeved  on  the  generator  shaft. 
The  frame  shall  be  of  drip  proof  construction.   Satisfactory  cormutation  shall 
be  obtained  throughout  th  load  range  required  by  the  generator  without  adjust- 
ment of  the  brushes.  The  commutator  shall  be  smooth,  tnie  and  concentric 
about  its  shaft.   Brushes  shall  not  chatter  or  stick  in  holders.  The  loads 
from  the  excitor  shall  be  inclosed  in  a  t  erminal  box  mounted  on  the  exciter 
frame  with  each  lead  properly  identified. 

(4)  Automatic  Voltage  RegiiJator.  -  The  contractor  shall 
furnish  an  automatic  v  Itage  regulator  to  be  used  in  connection  with  the 
operation  of  the  unit.   The  volta/;e  regulator  shall  be  mounted  on  the  switch- 
boar-  .   Ihe  automatic  voltage  regulator  shall  be  similar  and  equal  to  General 
Electric  Company  type  GDA  or  Westinghouse  Electric  and  Manufacturing  Co, 
■Silverstat"  regulator  and  shall  be  of  suitable  design  for  satisfactory  oper- 
ation with  the  generator  and  its  exciter.   The  sensitivity  of  the  regiiDa  tor  shall 
be  within  plus  or  minus  two  percent  at  normal  voltage  and  80%  power  factor. 

The  regulator  shall  include  the  furnishing  of  all  necessary  auxiliary  equip- 
ment such  as  condensers,  external  resistors  and  potential  transformer. 

(5)  TESTS.  -  The  generator  and  excitor  shall  be  assembled  at 
the  manufacturer's  plant  and  the  following  tests  made  on  the  genrator  in 
the  presence  of  a  duly  authorized  representative  of  the  contracting  officer. 

a.  Resistance  of  stator  and  field  windings 

b.  Polarity  of  all  field  poles 

c.  Efficiency  at  1/2,  3/4  anr,  full  load;  all  at 
80%  pov;er  factor 

d.  Regulation  at  rated  load 

e.  •'^eat  run 

f    DifilGctric  test 
Ihree  certified  copies  of  the  above  test  data  shall  be  supplied  to  the 
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eoatraetlng  officer.  Thre«  certified  copies  of  testa  on  the  exciter  ia 
accordance  Aith  paragraph  UGr9-33  of  "N.EJl.A.,  Motor  and  Generator  Standards* 
Publication  No.  38-49,  May  1938*  shall  be  submitted  to  the  contracting  officer. 
Abore  teats  shall  be  made  in  accordance  with  the  latest  standardization  rules 
of  the  American  Institute  of  Electrical  Engineers. 

(6)  Spare  Parts.  -  A   spare  set  of  generator  and  exciter  brushes 
shall  be  furnished. 

(d)  Battery  Chyger.  -  A  battery  charger  suitable  for  operation 

on  a  aoodnal  115  Tolt,  6o-cycle,  A.C.  circuit  and  with  a  capacity  of  6  amperes 
D.  C.  shall  be  provided.  The  B.C.  Toltage  shall  be  adjustable  from  6  volts 
to  45  volts.  The  battery  charger  shall  be  equipped  with  a  B.C.  output  ammeter* 
a  switch  and  a  fu^e  to  protect  it  against  overloads  and  short  circuits.  The 
battery  charger  shall  be  designed  so  that  the  battery  will  not  discharge  ia 
case  of  A.C.  voltage  failure  and  the  charger  will  resume  normal  operations 
when  line  voltage  is  restored.   It  shall  have  a  tapering  charging  rate  and 
be  inclosed  in  a  wall  mounted  steel  cabinet  with  hinged  door.  The  finish 
shall  be  rust-resisting  and  durable.  The  polarity  of  the  D.C.  leads  or  term- 
inals shall  be  plainly  marked. 

(e)  Bed  Plate.  -  The  bed  plate  for  the  unit  shall  be  designed  by  the 
comtractor  and  shall  be  iategral  for  engine  and  generator.  The  sub-base  or 
bed  plate  shall  be  of  rigid  construction  and  may  be  either  an  iron  or  steel 
casting  or  it  may  be  fabricated  by  welding  of  structural  steel  plates  and 
shapes.  It  shall  be  the  responsibility  of  the  contractor  to  furnish  a  des- 
ign which  will  not  result  in  excessive  vibration  of  the  unit  and  the  bed 
plate  shall  rest  on  ''7ibracor)c",  or  equal*  or  on  suitable  springs.  If  cork 

is  used  the  bed  plate  shall  be  provided  with  drip-proof  edges  and  suitable 
arrangement  for  retaining  the  cork  in  proper  position.  A  design  of  sub-base 
of  unsightly  appearance  or  which  would  be,  in  the  opinion  of  the  contracting 
officer,  otherwise  unsuitable  will  not  be  accepted.  The  cork  furnished  under 
this  contract  shall  be  2"  thick  and  shall  be  Armstrong  Cork  and  Insulation 
Company's  "Tibracork",  light  density,  or  approved  equal.  This  reference  given 
is  for  descriptive  purposes  only.  Structural  steel  angles,  suitable  in  size 
and  foxm  to  fit  arouad  the  bed  plate  and  secure  to  the  floor,  shall  be  provi- 
ded for  retaining  the  cork  insulation. 

(f )  Shop  Inspection  and  Tests.  -  The  unit  shall  be  assembled  in  the 
contractor's  shop  for  shop  inspection  and  the  following  tests  shall  be  made 
under  the  conditions  specified  in  sub-paragraph  7- 16(b)(2).  The  tests  shall 
be  made  in  the  presence  of  a  representative  of  the  contracting  officer.  All 
tests  shall  be  made  at  the  expense  of  the  contractor  except  the  expenses  of 
the  Government  Inspector. 

a.  The  engine  only  shall  be  run  for  two  (2)  hours 
at  full  rated  H.P.  on  dynamometer  test 

b.  The  combined  unit  shall  be  rvux  continously 
for  twenty-four  (24)  hours  at  full  load  or 
directed. 

£•    The  carburetor  butterfly  Valve  setting  and 
goyemor  control  shall  be  carefully  checked 
with  the  entire  unit  operating  under  various 
load  conditions  ranging  from  no  load  to  113% 
of  the  generator  rating.  During  these  tests 
the  following  shall  be  recorded: 
R.F.M.  -  load  -  exhaust  temperatiire  -  circulating  water  tem- 
perature, lubricating  oil  temperature-fuel  consuiqption,  and  such  other  data 
as  may  be  required  by  the  contracting  officer  or  his  repreaentative* 
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Typewritten  records  of  all  the  above  tests,  including  all  observations,  cal- 
culations, r  esults  and  graphs,  all  certified  .shall  b e  submitted  in  triplicate 
by  the  contractor  to  the  contracting  officer  as  soon  as  practicable  after 
completion  of  the  tests.   Final  test  and  trials  will  be  made  after  install- 
ation ard  will  be  of  sufficient  duration  to  demonstrate  to  the  satisfaction 
of  the  contracting  officer  that  the  units  are  in  conformity  with  the  spec- 
ifications. The  tests  shall  be  run  with  gasoline  conforming  to  Federal 
Specifications  W-G-lOla  for  "Gasoline;  Ifotor,  U.S.  Government". 

(g)  Tests  After  Alteration.-  In  the  event  that  the  unit  does 
not  meet  all  t he r equirements  of  these  specifications,  the  contractcr  shall 
make  such  alterations  and  replacements  as  may  be  necessary  to  insure  that 
the  performance  of  the  unit  meets  the  requirements.   The  expense  of  additional 
tests,  if  required  shall  be  borne  by  the  contractor. 

7-19.   OPERATOR'S  CAB  HEATERS.  -  Built-in  electric  heaters  shall  be 
provided  in  the  operator's  cab.  They  shall  have  variable  control  for  three- 
heat  operation  and  shall  be  capable  of  maintaining  a  temperature  differential 
of  100  degrees  F.  over  the  outside  air  when  operating  at  full  load  with  the 
cab  insulated  as  required  by  paray:aph  i|-06. 
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SECTION  VIII  -  MATEFTAT.S 
8-01 .   GENEFAL 

(a)  Materials.  -  All  materials  shall  be  of  new,  unused  stock 
and  free  from  defects.  Materials  indicated  on  the  drawings  or  required 
in  the  vrork  and  not  covered  elsewhere  in  these  specifications  by  de- 
tailed requirements  shall  conform  to  the  requirements  of  this  section. 
Any  material  required  v;hich  are  not  covered  by  detailed  specifications 
herein  or  elsewhere  in  the  specifications  shall  conform  to  the  applic- 
able Federal  Specifications,  grade  and/or  class  as  required  or,  in  case 
there  are  no  applicable  Federal  Specifications,  to  applicable  specifi- 
cations of  the  American  Society  for  Testing  Material  (A.S.T.M.).   In 
all  other  cases  not  specifically  covered  herein  the  contractor  shall 
furnish  the  highest  grade  commercial  material  or  product. 

(b)  Shop  Inspection  and  Material  Orders.  -  Material  and  equip- 
ment ordered  by  the  contractor  for  this  work  shall  not  be  shipped  from 
its  point  of  manufacture  before  it  has  been  inspected,  unless  the  con- 
tracting officer  authorizes  the  inspection  to  be  made  elsevhere.  The  con- 
tractor shall  furnish  to  the  contracting  officer  a  list  of  sub-contractors 
and  vendors  v/ith  whom  orders  are  to  be  placed  for  materials  or  equipment 
which  vill  enter  directly  into  the  v.-ork  of  this  cntract ;  and, also,  tripli- 
cate copies  of  mill  and  shop  orders  as  they  are  issued.  Copies  of  orders 
shall  be  issued  far  enough  in  advance  of  the  beginning  of  operations  to 
permit  the  making  of  arrangements  for  inspection.  Mill  and  shop  orders 
shall  bear  notations  showing  that  the  material  is  subject  to  Government 
inspection,  the  specification  designation  under  which  the  material  ordered 
is  to  be  furnished,  and  the  drawing  and  part  number,  if  any,  pertinent 
thereto.  The  contracting  officer  may  accept  certified  copies  of  test  re- 
ports in  lieu  of  inspection  at  the  point  of  manufacture. 

Except  as  otherwise  provided,  the  inspection  and  testing  of  metals 
shall  be  carried  out  in  accordance  with  the  requirement  of  Federal  Speci- 
fication QQ,-M-I5la. 

(c)  Tests.  -  The  contractor  shall  at  his  expense,  in  all  cases 
except  upon  specific  waiver  by  the  contracting  officer,  prepare  specimens 
and  perform  tests  and  analyses  as  required  to  demonstrate  conformance  of 
the  various  materials  with  the  pertinent  specifications,  and  shall  furnish 
to  the  contracting  officer  certified  test  reports  in  triplicate.  He  shall 
also  furnish  to  the  contracting  off^er  test  pieces  and  samples  for  in- 
dependent analysis  and  test  if  requested. 

(d)  Federal  Specifications.  -  Copies  of  Federal  Specifications 
referred  to  herein  may  be  procured  from  the  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  D.  C,  at  a  price  of  five  or  ten 
cents  each.  When  the  term,  "Federal  Specifications"  or  "A.S.T.M.  Speci- 
fications" is  used,  the  reference  shall  be  construed  to  mean  the  cited 
specification  as  modified  by  any  amendments  made  before  the  date  of  open- 
ing bids  for  the  contract. 

8-02.  STEUCTUPLAL  CARBON  STEEL.  -  Structural  carbon  steel  shall  con- 
form to  Federal  Specification  QQ-S-Tlla  for  "Steel,  Structural;  (for) 
Bridges",  Class  A.  Surface  imperfections  shall  be  remedied  by  arc-welding 
and  according  to  Government  practice.  The  chemical  properities  of  the 
steel  shall  be  such  as  to  permit  it  to  be  readily  welded  by  this  process. 
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8-03.  COPPER-BEABIKG  STEEL  SHEETS  AM)  PLATES.  -  Copper-bearing  steel 
sheets  and  plates  shall  confor-m  to  Federal  Specification  Q,Q-£-711  ^  for 
"Steel,  Structural;  (for)  Bridges"  Class  B. 

8-0/|.  RIVET  STEEL.  -  Pivet  steel  shall  conform  to  Federal  Specifica- 
tion QQ-S-711a  for  "Steel,  Structural;  (for).  Bridges",  Class  C. 

8-05.  STEEL  RAILS.  -  The  rails  for  the  trolley  runway  shall  be  Lorain 
Section  IJ^-lilS,     They  shall  be  new  and  shall  conform  to  the  Standard  Speci- 
fication of  the  A.S.T.M.  for  "Open  Hearth  Steel  Girder  Rails  of  Plain, 
Grooved  and  Guard  Types",  Designation  A  2-2?  for  Class  A,  No.  1  rails  ex- 
cept that  the  lengths  of  all  rails  shall  be  in  accordance  vrith  the  design 
drawings.  The  rails  shall  be  heat-treated  uniformly  throughout  their  en- 
tire length  and  cross-section  to  above  the  critical  temperature,  quenched 
and  tempered  to  produce  a  Brinell  hardness  of  320  to  350 •  Heating,  quench- 
ing and  tempering  shedl  be  done  v'ith  equipment  which  will  accommodate  the 
entire  length  of  each  piece.  After  heat -treatment  the  rails  shall  be 
smooth  on  the  head,  straight  in  line  and  surface  and  without  any  twists, 
waves  or  kinks, 

8-06.  CARBON  STEEL  FORGINGS.  -  Carbon-steel ' forgings  shall  conform 
to  the  Tentative  Specification  of  A.S.T.M.  for  "Carbon  Steel  Forgings  for 
General  Industrial  Use",  Designation  A  235-40T. 

8-07.  ALLOY-STEEL  FORGINGS,  -  Alloy-steel  forgings  shall  confom  to 
the  Tentative  Specifications  of  the  A.S.TJJ.  for  "Alloy-St6el  Forgings  for 
General  Industrial  Use",  Designation  A  237-i|0T,  Class  E. 

8-08.  HOT  ROLLED  STEEL.  -  Hot  rolled  steel  shall  confoim  to  the 
Standard  Specification  of  the  A.S.T.M.  for  "Commercial  Quality  Hot-Rolled 
Bar  Steels",  Designation  A  IO7-40,  Grades  3,  j,  6,  or  7» 

8-09,  COLD-FINISHED  STEEL.  -  Cold  rolled  steel  shall  conform  to  the 
Standard  Specification  of  the  A.S.T.M.  for  "Commercial  Cold-Finished  Bar 
Steels  and  Cold-Finished  Shafting",  Designation  A  IO8-36,  Grades  1  to  10. 

8-10.  BOLT  AND  NUT  MATERIAL 

(a)  Unless  otherwise  specified  or  called  for  on  the  drawings, 
the  material  for  bolts  and  nuts  shall  conform  to  the  Standard  Specifica- 
tion of  the  A.S.T.M.  for  "Coimiercial  Quality  Hot  Rolled  Bar  Steels", 
Designation  A  107-40,  Grades  22,  23,  22j ,  or  25. 

(b)  The  material  for  bronze  bolts  and  nuts  shall  confonn  to 
Federal  Specification  Qft-B-636  for  "Brass,  Naval,  Bars,  Plates,  Rods, 
Shapes,  Sheets,  and  Strips",  Type  I,  half  hard. 

(c)  The  material  for  bolts  and  nuts  of  "high  strength  steel" 
shall  conform  to  the  Tentative  Specification  of  the  A.S.T.M.  for  "Alloy- 
Steel  Forgings  for  General  Industrial  Use",  Designation  A  237-40T,  Class 
D. 

8-11.  ROLUED  STEEL  WHEELS. 

(a)  The  steel  for  the  gantry  and  trolley  wheels  shall  confonn 
to  the  Standard  Specifications  of  the  A.S.TJfl.  for  "Multiple-Wear  Wrought 
Steel  Wheels",  Serial  Designation  A  57-39.  The  treads  of  the  wheels 
shall  be  heat-treated  to  produce  a  Brinel  hardness  of  335  to  375 •  The 


plate  and  hub  of  the  wheels  may  show  no  appreciable  hardness  over  the 
untreated  condition,  but  the  heat-treating  process  shall  be  such  as  to 
avoid  the  setting-up  of  internal  stresses  in  the  plate  of  the  vheel.  The 
contractor  shall  furnish  the  contracting  officer  with  certified  copies 
of  charts  showing  the  process  for  each  heat -treatment  of  wheel  material. 

(b)  The  contractor  may  submit  an  alternate  proposal  for 
wheel  material  which  may  be  approved  by  the  contracting  officer,  provided 
the  physical  characteristics  are  comparable  to  those  of  the  material 
apecified  above. 

8-12,  ROLLED  STEEL  ROPE  SHEAVES.  -  The  materisl  for  rolled  steel 
rope  sheaves  shall  conform  to  the  Tentative  Specifications  of  the  A.S.TJll. 
for  "Carbon  Steel  Forgin^s  for  Industrial  Use",  Designation  A  235-/jOT, 
Class  F. 

8-13,  CARBON  STEEL  CASTINGS.  -  Carbon  steel  castings  shall  conform 
to  Federal  Specification  Q,Q-S-68la,  for  "Steel;  Castings",  Class  a,  ex- 
cept v.'here  shown  otherwise  on  the  drawings  or  called  for  in  these  specifica- 
tions. 

8-lii,  ALLOY  STEEL  CASTINGS.  -  Alloy  steel  castin£,,s  shall  conform  to 
the  Standard  Specification  of  the  A.S.TJ/I,  for  "Alloy  Steel  Castings  for 
Structural  Purposes",  Designation  A  I48-36,  Class  B,  Grade  2, 

8-15.  BAR  AND  MACHINE  STEEL.  -  Bar  and  machine  steel  shall  conform 
to  the  Standard  Specifications  of  the  A.S.T.M.  for  "Commercial  Quality 
Hot-Rolled  Bar  Steels",  Designation  A  107-40,  Grade  3,  5»  ^  o^  ?• 

8-16.  GRAY  IRON  CASTINGS.  -  Gray  iron  castings  shall  conform  to 
Federal  Specification  Qft-I-652  for  "Iron,  Gray;  Castings",  Class  35» 

8-17.  PHOSPHOR  BRONZE.  -  Phosphor  bronze  for  bUahings,  unless  other- 
wise specified,  shall  confoim  to  Federal  Specification  QQ.-B-69I  for 
"Bronze;  Castings",  and  shall  be  "Composition  10", 

8-18.  SELF-LUBRICATING  BUSHINGS.  -  Self -lubricating  bushings  shall 
be  of  the  bronze  and  insert  type,  lubrite  or  equal, 

8-19.  HIGH  TENSILE  BRONZE.  -  High  tensile  bronze  shall  conform  to 
the  Standard  Specification  of  the  A.S.T.M.  for  "Manganese  -  Bronze  Sand 
Castings",  Designation  B  54-39* 

8-20.  CORROSION-RESISTING  STEEL.  -  Corrosion-resisting  steel  shall 
conform  to  Federal  Specification  <W-S-763  for  "Steel,  Corrosion-Resisting; 
Bars  and  Forgings" -,  Grade  6  with  sulphur  content  of  O.I8-O.35  percent 
with  phosphorus  .02;  (max)  ;  and  shall  be  free  machining  and  suitable  for 
threading  and  upsetting. 

8-21.  WELDING  RODS  AND  DEPOSITED  WELD  METAL.  -  Welding  Rods  shall  be 
of  the  heavily  coated  type.  Filler  metal  shall  have  a  corrosion  resistance 
at  least  equal  to  that  of  mild  structural  steel.  The  ultimate  strength 
shall  not  be  less  than  60,000  lb.  per  sq.  in,  and  the  elongation  in  two 
inches  not  less  than  205S. 
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SECTION  IX  -  WORKMANSHIP 


9-01.     GENERAL.    -  All  work  shall  be  performed  in  a  thorough,   workman- 
like manner  by  workmen  skilled  in  their  various   trades  and  shall  be  equal 
to  the   best  aodefn  practice  in  the  manufacture  and  fabrication  of  materials 
and  apparatus  of  the   types  covered  by  these  specifications,  notwithstanding 
any  omissions  from  these  specifications  or  drawings. 

9-02.     SHOP  ASSSffiLY. 

(a)  The  contractor  shall  assemble  in  the  shop  all  unit  parts,   such 
as  the  complete   trolley,   except  ropes;   all  gantry  trucks  with  drive  machinery; 
sheave  blocks;   and  the  operator's    cab,  complete  with  ail  controls,   panels, 
and  the  like.     All  mechanical  equipment  shall  be  operated  in  the  shop,  after 
assembly,  except  such  operations  as  may  be  specifically  waived  by  the  contract- 
ing officer.     All  field  connections  for  the   structural  steel   framework,   me- 
chanical,  and  electrical  equipment  shall  be  checked  by  shop  assembling  the 
component  parts. 

(b)  All  assemblies  will  be  checked  by  the  contracting  officer.     All 
interferences,  errors  in  dimensions,   and   inaccurate  workmanship  discovered 
during  the  shop  assembly  shall  be   corrected.     Before  disassembly,   each  part 

to  be   shipped  separately  shall  be  matchmarked  and   identified  in  conformity 
with   the  erection  drawings.     Such  marking  shall  be  so  done  as  to  retain  its 
legibility  until   field  erection   is  completed. 

9-03.      PREPARATION  FOR  SHIPMENT. 

(a)  The  contractor  shall  prepare  all  materials  anri  articles  for 
shipment  in  such  manner  as  to  facilitate  handling  and  to  protect  them  from 
damage,  and  shall  be  responsible  lor  and  make  good  any  and  all  damages  due 
to  improper  preparation  or  loading  for  shipmeht.  Boxes  or  crates  shall  be 
marked  and  shall  have  a  packing  list  incloced  showing  the  parts  contained 
therein. 

(b)  Bearing  surfaces  of  shafting  and  similar  parts  shall  be  co- 
vered with  burlap  or  lagging.  All  electrical  apparatus  shall  be  crated  or 
boxed.  All  pieces  weighing  more  than  five  tons  shall  have  the  approximate 
weight  painted  thereon. 

9-04.      TOLERANCES.    -  Tolerances,   fits,  and  finish  shall  conform,    if 
explicit  specification  is  lacking,  with  the   best  modern  shop  practices   in 
manufacture  of  finished  products  of  nature  similar  to   those  covered  by  these 
specifications.     Like  parts  shall  be   interchangeable  insofar  as  practicable. 

9-05.     ACCEPTANCE  TESTS. 

(a)     After  the  gantry  crane  has  been  erected  and  placed   in  ope- 
rating condition,    it  will  be   completely  tested  by  and  at   the  expense  (except 
as  noted  below)  of  the  Government  to  determine  whether  the  requirements  of 
these  specifications  have  been  fulfilled.     All  gantry  crane  operations 
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during  these  teats  will  be  performed  by  one  or  more  operators  furnished  by 
the  Government  and  shall  be  under  the  direction  of   the   contractor's     erect- 
ing engineer.     The   services  and  all  expenses  of    the  erecting  engineer  shall 
be  paid  for  by  the  contractor. 

(b)     Tlie   crane  shall  perform  satisfactorily  the  following  operations j 

(1)  Raise,   lower,   and  hold   in  any  position  a   test  load  of 
260  tons,  with  the   trolley  in  its  extreme  upstream  position  on  the   cantilever 
arms  and  with  the  gantry  stationary  over  a  gate  opening. 

(2)  Paise,  lower,  and  at  the  specified  speeds  hold  in  any 
position  a  test  load  of  225  ^ot^s  with  the  trolley  in  position  over  either 
gate  slot. 

(3)  Transport  on  the  runway  at  the  specified  speed  a  test 
load  of  165  tons  with  the  trolley  in  any  position  between  the  limits  shown 
for  permanent  gate  operation. 
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Specif icotions:     Long  Sault  Dam 

SECTIOK  X  -  PAIMTS  AI'D   PAlMTHXi 

10-01.     CSTERAL.    -  All   riaint,  v/hen   ap-nlicd,    rhall   provide    a  satisfactory 
film  and  a   smooth  even   surface,    and  undercoats    shall    dry  vdthout  excessive 
gloss,    suitahle    for    tho   proper   applioetion   end   adhesion  of    suhssequent  coats, 
as  approved  by   the   contracting-;   officer.     VJh«r«  necessary,   in  the    opinion  of   the 
contracting  officer,    to    suit   the   conditions   of   surface,    temperature,    and  v;ea- 
ther  existing  at  the   particular    time   of  application,    the    packaged  paint  may  be 
thinred  by   the    addition   of  not  more    than  one   pint  per   gallon   of  mineral    spi- 
rits  immediately  prior   to    application,   provided   that  in  no   case    shall    the   vis- 
cosity of  the  paint  be  reduced  to    s  point  v;herc   the    specified  maximum  coverages 
will   be   exceeded. 

10-02.      SURFACE   C1£AIJIi;G  AND  PREPARATION. 

(a)  Cleaning*    -  AH   ferrous   surfaces   to  be  painted    shall  be    "tiiorough- 
ly  cleaned  of  all  loose  millscale,   rust,   dirt,    and  other   foreign   substances  to 
base   metal  by    sandblasting,    flame    cleaning,    or    any  other  method   approved  by  the 
contracting  officer. 

(b)  Protection    of   Surfaces.    -  Care    shall   be    taken  to   adequately  pro- 
tect all  machinery  parts,    tloreads,    and  finished  surfaces  during  cleaning  and 
preparation. 

10-03.     PAIIIT  APPLICATIO::. 

(a)  All  painting    shall   be  done    in   a  neat,    thorough,    and  workmanlike 
manner.     Except  where   otherwise   specified  or  specifically  directed,    all  paint 
coats  shall   be   applied  by  either  brush  or    spray  in   such  manner  as   to  produce 
an  even  coating  of  uniform  thickness  completely  coating  all   corners   and  cre- 
vices.    All  painting   shall  be    done   by  thoroughly  experienced  v;orkmen.     Care 
shall  be   exercised   during    spraying      to  hold   the   nozzle    sufficiently  close   to 
the    surfaces  being  painted  to   avoia   exoo.-sive  evaporation    of   the  volatile 
constituents  and  loss  of  material   into   the    air.     Paint  shall  be   applied  only 
to   surfaces  that  are    throughly  dry  and  only  under   such  combination  of  humidity 
and   temperatures  of    the    atmos-ohere    and   surfaces   to  be  painted  as  v;ill   cause 
evaporation  rather   than  condensation.     A  practical    test  is  to  wipe   a   damp 
cloth  on  the    surface    to  be  painted.     If   the  moist  streak  dries  promptly,   cOB- 
ditions  conducive    to  evaporation  prevail.      In  no  case    shall   any  paint  be   ap- 
plied to   surfaces  upon  v;hich   there    is  frost  or  moisture   condensation,   or   dur- 
ing rainy  or  misty  weather,  without  suitable   protection   as  apnroved  by  the  con- 
tracting officer.     Painting  during   unfavorable  weather  conditions   shall  be   car- 
ried on  under   a  protective   covering. 

TH/hile   any  painting  is   being   done,    the   temperature   of   -the    sur- 
faces  to   be   painted   and  of  the    atmosphere   in   contact  therev/ith    sliall  be  main- 
tained at  or    above   50   degrees  F.     All    paint  when    applied  shall    be    approximately 
(within  fifteen   degrees  of)   the    same   temperature    as  that  of  the    surface   on  v.-hich 
it  is  applied,     ^ere  protection  is  provided  for  paint  surfaces,    such  protection 
shall  be   preserved  in  place   until    the   paint  film  has  properly  dried  and   removal 
of  the  protection  is   auiiiorized  by  the   contracting  officer.     V/orking  parts  and 
hardware    and  other    surfaces  not  required  to   be    painted   shall   be    cleaned  and 
protected   to    the    satisfaction  of  the   contracting  officer. 

(b)  Coverage.    -  The    surface   area  covered  per   gallon  of  paint    speci- 
fied  shall    be  not  greater   than  l\25   square   foot  per   gallon. 

10-1 


lO^k-      PRV.!lNa  COATS. 

(a)  Unpalnted  Surfaces.  -  The  surfaces  of  all  non-ferrous  metal- 
coated  surfaces,  machined  surf-ices,  surfices  requiring  weldinj^,  and  sur- 
faces .vhioh  will  be  in  riveted  contict  shall  not  be  piinted  unless  other- 
wise specified.   All  other  fcrrjus  surfices,  unless  otherwise  specified 
shall  receive  one  priming  coat  of  jynthetic  Red  Lead  Primer. 

(b)  Structural  Parts  shall  receive  one  shop  priming  ooat. 
(o)  LJachinery  und  Mechanical  Equiptnent  (except  threads  and 

finished  surfaces)  shall  receive  one  shop-priming  co^t. 

(d)  Exterior  Slectrictl  Equipment  shxll  receive  one  shop- 
priming  coat,  except  that  enclosing  cabinets  md  oases  shall  be  given  tA'o 
shop-priming  coats  on  the  inside  and  one  shop-priming  coit  on  the  outside. 
All  cast  metal  surfaces  requiring  painting  shall  be  smoothly  finished  with 
an  approved  filler  prior  to  the  application  of  paint. 

(e)  Machined  Surfaces  shall  immedi:i.tely  after  final  inspection 
be  thoroughly  cleaned  of  all  foreign  matter  and  coated  with  a  heavy  film 
of  Rust  'Preventive  Compound,  U.  3.  Army  Specification  2-3/|A. 

(f)  Screw  Threads  shall  be  protected  by  a  coating  of  heavy  oil. 

10-05.   PAINTS  AND  P\INT  FORMULAE. 

(a)  General.  -  paints  shall  have  the  composition  as  Indicated 
belov/  or  as  otherwise  approved  by  the  contracting  officer.   All  paints, 
shall  be  guaranteed  by  the  manufacturer  not  to  gel,  liver  or  thicken  de- 
lateriously  or  form  gas  in  a  closed  container  within  a  period  of  one  year 
from  date  of  manufacture. 

(b)  Processing  of  Paints. 

(1)  Except  where  otherwise  specified  or  authorized,  all  paint 
shall  be  made  by  grinding  together  dry  or  piste  pigments  and  a  liquid  vehicle 
to  form  a  smooth  paint  that  will  flow  freely  and  will  not  settle  or  react 
deleteriously  in  containers. 

(2)  grinding  shall  produce  a  fineness  suoh  that  coarse  parti- 
cles and  skins  will  not  exceed  1.5  percent  (total  residue  left  on  No.  3^5 
mesh  screen,  based  on  pigment).   The  grinding  shall  be  done  in  a  roll  or 
pebble  mill  lat  temperatures  that  will  not  cause  polymerization. 

(3)  Skinning  shall  >ie  negligible  after  exposing  6  ounces  of 
paint  in  a  tightly  closed  8  ounce  glass  container  to  sunlight  for  a  total 
time  of  24  hours. 

(4)  The  resulting  paint  shall  have  satisfactory  brushing 
•and  leveling  properties,  shall  set  to  touch  in  not  less  than  one  hour  nor 
more  than  four  hours,  unless  othervfis©  specified,  and  shall  provide  a 
satisfactory  film  and  a  smooth  even  surface  without  andue  gloss,  suitable  for 
proper  application  and  adhesion  of  subsequent  paint  coats,  as  approved  by 
the  contracting  officer.   Sufficient  suitable  driers  shall  be  added  to  make 
the  paint  dry  hard  within  18  hours. 

(5)  In.  view  of  potential  variations  resulting  from  variable 
processing  equipment  and  technique,  the  manuficturer  may  be  allowed,  where 
necessary  to  produce  the  specified  viscosities,  to  make  slight  changes  in 
formula  proportions,  subjec-c  to  specific  approval  of  the  contracting  officer. 

(c)  Synthetic  Red  Lead  Primer  shall  be  composed  of  ratiterials 
conforming,  where  applicable,  to  the  specified  requirements  and  mixed  in  the 
proportions  as  follows: 

Red  Lead  ----------------------  -l6.5t  by  weight 

Iron  Oxide  -----------  ._--___.,_  -38.2^ 

Zinc  Yellow  ----  -------_._  -_  5.5^ 

Diatoraaceous   Silica   -----------------      6.0? 

Vehicle    (see    par.lO-06)    28.0^ 

Thinner -.-- 5.  St 


The  paint  shall  have  a  consistency  of  flow  of  between  25  and  kO   seconds  through 
the  0.13  inch  diameter  orifice  of  a  standard  consistency  cup  when  tested  in 
accordance  with  the  prooedure  specified  in  paragraph  9  and  10  of  A..S.T.M., 
Specif ioation  D  33-37  for  "Methods  of  Testing  Nitrocellulose  Clear  Lacquers 
and  Lacquer  Enamels."   It  shall  have  satisfactory  brushing  and  leveling 
properties,  shall  set  to  light  touch  in  not  less  than  2  hours  nor  more  than 
5  hours,  and  shall  dry  hard  for  recoating  in  not  more  than  18  hours,  when 
tested  in  accordance  with  piragraph  P-2d  of  Federal  Specification  TT-V  8la, 
entitled  "Varnish;  Mixing  (for)  Aluminum  Paint."   The  vehicle  shall  be  a 
synthetic  resin  varnish  consisting  of  a  phenol  for-naldehyde  resin  with  the 
necessary  oils  and  volatile  thinners  to  produce  ela-stioity,  water-proofness , 
adherence,  and  durability  in  the  finished  paint  film.   It  shall  meet  the 
detailed  requirements  of  paragraph  IO-O6. 

10-06.   PHENOLIC  RESIN  VARNISH  VEHICLE  SHALL  confom  to  the  following 
requirements: 

(a)  Oil-resin  ratio  shall  be  33  gallons  of  oil  to  100  pounds  of 
resin. 

(b)  Shall  be  clear  and  transparent  and  entirely  free  from  resin, 
estergum  or  other  non-phenolic  resins.   Not  less  than  50  percent  by  weight 
of  the  vehicle  shall  consist  of  non-volatile  oil  and  resin. 

(0)   The  resin  content  shall  be  100  percent  para  phenyl  phenol- 
formaldehyde  condensate  similar  and  equal  to  Bakelite  BR  254 1  ^^nd  shall 
conform  to  the  current  U.  S.  Navy  Department  Specification  52R10  entitled 
"Resin  Phenol -Po rmaldehyde. ■ 

(d)  The  volatile  thinner  shall  contain  not  more  than  30  percent 
mineral  spirits  and  not  less  than  20  percent  high  flash  ooal  tar  naphtha 
or  high  flash  hydrogenated  petroleum  naphtah  and  shall  be  free  from  toxic 
hydrocarbons  such  as  benzol. 

(e)  oii  content  shall  be  a.  ternary  oil  mixture  composed  of 
40^  linseed,  "   liquid  oiticica,  and  30t  "Dehydrated"  caster  oil. 

(f)  The  flash  point  shall  be  not  below  30  degrees  C.  in  a  closed 
oup  tester. 

(g)  Shall  pass  a  Kauri  Reduction  Test  of  120  percent,  using  the 
method  described  in  paragraph  F-2g,  Federal  Specification  TT-V-8I,  for 
"Varnish;  Mixing  (for)  Aluminum  Paint." 

(h)  Shall  show  no  skinning  after  48  hours  in  a  3/4  filled,  tight 
container. 

(i)  Plow-out  films  on  tin  plate  panels  dried  72  hours  shall  with- 
stand immersion  in  cold  water  for  96  hours,  and  in  distilled  water  at  20C 
degrees  P.  for  7  hours  without  showing  more  than  slight  haze  which  shall 
disappear  within  one  hour,  and  shall  show  no  other  signs  of  deterioration. 
The  panel  shall  be  allowed  to  dry  and  cool  for  15  minutes  aTter  removal 
from  hot  water  and  shall  then  be  inspected  for  signs  of  failure. 

10-07.   PIGMENTS. 

(a)  Carbon  Black  shall  conform  to   either  Federal  Specifications 
TT-B-601,    entitled   "Boneblack;   Dry,    Paste-in-Japan,    Paste-in-Oil"   or  Federal 
Specification  TT-L-71   entitled   "Lampblack;    Dry,    Paste-in-Japan,    Paste-in-Oil." 

(b)  Lead   Titanate   shall   be   similar   and  equal   to   Titanox   "L"   as 
manufactured  by  the  Titanium  Pigment  (^^T-ooration. 
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(c)  Red  Lead      sliall   conform  to  Federal    Specification  TT-R-191a    (97) 
peri^^nt  Grade    for    "Red  Lead;   Dry   and  Paste -in -Oil  .* 

(d)  Iron  0:<:ide    shall  contain  not  lees    than  98  percent  Fe20o  and 
shall   not  contain  any  organic   coloring  T.atter. 

(e)  DiatoTneceous  Silica  shall   be   an   apr^roved  comraercial   grade. 

(f)  Zinc  Yellov;   shall   contain  not  less   than  I|0  percent  CrO>,» 

It  siiall  be  a  basic  zinc  potassium  chromate,  soluble  in  acetic  acid,  free  from 
lead  conpoundst  and  containing  no  added  zinc  oxide,  and  shall  bo  stable  or  non 
reactive  with   the   pignents   and  vehicles    specified. 

(g)  Titanium  Dioxide    shall    be    similar   and  equal    to  either    "Ti-Pure   0* 
as  manufactured  by  Krebs  Pigment  &   Color  Corporation  or   *Titanox  1!C"   as  manufac- 
tured by  the   Titanium  Pigment  Corporation. 

10-08.    r^iriSRs  aitd  solverts. 

(a)  Mineral   Spirits   shall  have    the   follov/ing  properties: 

Gravity -___  -^3-/^7  degrees  Paume 

Flash  Point    (Closed  cup) 100  degrees  P.  !'in. 

Initial  Boiling  Point 3OO-3IO  degrees  F. 

End  Point h05  degrees  F.  Uax. 

A. S.T.I'.   Copper  Strip  Test negative 

Solvency   (Kauri-Eutanol ) i;l   cc    (a)   77  degrees  F.l!in. 

(b)  Depentine    shall  have   the    follov;ing  properties; 

Maximum  Minimum 

Specific  Gravity  at  15«5 

degrees  C.  0.854  0.8Z;5 

Refractive   Index  at  20 

degrees  C.  1,477  1.472 

Unpolymerized  Re  sidue    (percent 

(38NH2SO4)  2.5 

A.S.T.M.   Distillation  Range: 

^  Distilling  at 173  degrees  C* 

10^  Distilling  et 175  degrees  C. 

97%  Distilling  at 188  degrees  C. 

Color-Lovibond  500  Amber  --------       3 

Appearance:     Clear    and  free  from   suspended  matter. 

(c)  Toluol    shall   conform  to  U«   S.   Navy  Department  Specification 
52r7  entitled   "Toluene    (Toluol)*,   except  that  it   shall   have    a   solvency 
feauri-Butanol  I'ethod)   of  not  less   than  100  cc  at  7"^   degrees  F. 

(d)  Xylol    shedl  conform  to  A, S.T.I.!.   Specification  D36Zi-36  for   "In- 
dustrial Xylsne    (Xylol)   or    'Solvent  ITaphtha'",   except  that  it  shall  have   a   sol- 
vency  (Kauri -Putanol  Method)    of  not  less   than  93  cc .   at  77   degrees  F. 

(e)  Normal   But:/1  Alcohol   (Butanol>    shall   conform  to  A.S.T.M.   Spec- 
ification T)30h-33  for   "Butanol    (llorman  Butyl  Alcohol)." 

(f)  Ethylene  Glycol  Monoethyl  Ether  shall  conform  to  A.S.T.M.   Spec- 
ification D33I-35  for   "Ethylene  Glycol  !.:onoethyl  Ether." 

10-09.     '-HSCELLAISOUS  MATERIALS. 

(a)     Oil,  Linseed  shall   conform  to  Federal  Specification  JJJ*0-'33l 
for   "Oil;  Linseed,   Boiled",    or  JJJ-0- 336,   for    "Oil;  Linseed,  Raw",    as   specified 
or  required. 
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(b)  Insulatln.g;  Varnish,  TJ.   S,  Navy  Departnent  Specification     52- 
V-I3b,    entitled   ""Garnish;    Insulating,    (for)  Electrical   Purposes*. 

(c)  Creosote   Paint  for    surface   treatment  of   timber    shall   conforp-   to 
Federal  Specification  TT-V»'-56la,   entitled  "".'"ood-Preservative ;  Creosote    (for) 
Brush   end  Spray  Treatment." 

(d)  Ortho-Phosphoric  Ac '  d   CIoPO^)^    shall   be   concaercially  pure   produc'c, 
in  liquid  form,   containing  not  less  than  75  percent  HoPOr  . 

(e)  3odium  Si  chroma  to,    (Da  CR   ft^.    2IpO)    shall  be    a  com-^-ercially  pure 

nroduct  in  crystalline    form  containing  nox  less  than  85  percent  Ila-jCR^O 

^     2  ^ 

10-10.      INSPECTION. 

(a)  Unless   otiierwitje  specifically  authorized,   inspection  of  all  ma- 
terials for    the    paints  and  chemical  rust  inliibitor   and  the  manufacture   thereof » 
v.'ill   be  made  b;;  a  representative   of  the   contracting  officer.     All    samples  of 
materials  and  of  the    finished  processed  products  tvill  be  tested  and  analyzed 
for  conformity  ^vith  the    specifications  b;-'    the  Governerant.     The    inspector  v/ill 
collect  for   testing,    samples  of  each  of   the  materials   to  be  used   in   the  manu- 
facturing processes  and  will   then  seal   the  material   containers  until   test  re- 
sults from  the    samples  Indicate    that  the  various  materials   conform  to    specifi- 
cations.    He  -.vill  Tiitn&r^s   the   breolcing  of   the   seals  on   1iie    approved  material 
containers  and   the   compounding  of   tne  materials  for  the  product  being  manufac- 
tured, vdll   collect   samples  of   the   finished  product  for   testing,   and  will  wit- 
ness the  placing,    sealing,    and  labeling  of   the   finished  product  in  containers 
for    shipment.     After   the    finished  products  have   successfully  passed  the  pres- 
cribed test,    shipment  of  the    sealed  containers  will  be   authorized. 

(b)  In  the    case  of  ready-mixed  and  packaged  paints  of  standard  man- 
ufactui^,    other    than   "Uiose    specified  by  tradename,    the    contractor    shall  fur- 
nish  a   sample    in  the    standard   stock  package,    together  with  a  certified  copy  of 
the  complete   chemical   analysis,    for  test  and  approval  by  tlie   contracting  officer. 

10-11.     Payment  for   all   paint  and  painting  will  be  included  in  the   con- 
tract price    for   the   respective  metals  or   items  painted. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SAULT  DAM. 

SECTION  I  -  INTRODUCTION 

1-01..  This  design  analysis  presents  the  general  basis  of  design  for 
the  Long  Sault  Dam,  a  part  of  the  development  of  the  International  Rapids 
Section  of  the  St.  Lavn^ence  River.  The  detailed  design  of  this  structure 
had  not  been  completed  at  the  time  this  analysis  was  prepared,  but  suffi- 
cient information  was  available  to  determine  the  sEctions  of  the  dam  and  of 
the  adjacent  earth  dikes,  Contraot  plans  have  been  prepared  which  shov; 
the  scheme  of  the  river  diversion  and  enough  details  of  the  dam  itself  to 
serve  as  a  basis  for  the  taking  of  contract  bids. 

It  is  expected  that  further  design  studies  will  be  made  and  the 
detail  drawings  completed  before  contracts  are  let^  A  more  complete  analy- 
sis of  the  design  will  then  be  prepared.. 

1-02.   DESCRIPTION  OF  PROJECT. 

(a)  The  Long  Sault  Dam  will  be  located  just  below  the  foot  of 
Long  Sault  Island,  crossing  both  the  main  channel  of  the  St.  Lawrence 
River  and  the  smaller  channel  south  of  Long  Sault  Island.   It  will  be 
located  4«0  miles  north  of  the  village  of  Massena,  New  York,  and  6.5  miles 
west  of  Cornwell,  Ontario,  Canada. 

(b)  General  Description  of  Dam'.  -  The  Long  Sault  Dam  will  be 
a  concrete  gravity  structure  having  a  maximum  height  of  about  145  feet 
above  foundation.   It  will  have  an  overflow  spillway  flanked  by  concrete 
gravity  bulkhead  actions  and  earth  wing-dams  and  earth  dikes,.  The  forty 
spillway  openings  will  be  controlled  by  vertical  lift  roller  gates  operated 
by  means  of  two  traveling  gantry  cranes.  There  will  be  a  spillway  apron 
and  bucket  built  as  a  part  of  the  spillway  itself  as  the  deep  tailv/eter 
renders  a  stilling  basin  unnecessary.  The  crest  length  of  the  spillway 
will  be  2,390  feet,  of  which  length  2,000  feet  'Adll  be  clear  spillway. 

The  crest  will  be  at  elevation  221.0,  twenty-one  feet  below  the  ultimate 
normal  pool  level  of  242.0. 

The  concrete  bulkheads  at  each  end  of  the  a.pillway  will  each 
be  approximately  26o  feet  long.  The  wing  dams  and  dikes  will  be  of  com- 
pacted earth,  protected  on  both  sides  v/ith  stone. 

(c)  Purpose.  -  The  long  Sault  Dam  will  serve  as  a  control 
for  the  St.  Lawrence  River,  developing  the  approximately  82  feet  of  drop 
through  the  Long  Sault  Rapids  and  spilling  all  flow  which  cannot  be  made 
use  of  at  the  powerhouses  which  are  to  be  built  near  the  foot  of  Barnhart 
Island . 

1-03.  PERTmENT  DATA. 

(a)  Approximate  principal  quantities:   (exclusive  of 
Cofferdams) 

Excavation,  coTimon  445.000  cu.  yds. 

Excavation,  rcjck  180,000  cu.  yds. 

Concrete,  all  classes  642,000  cu.  yds. 

Earth  fill  67,000  cu.  yds. 

Reinforcing  4,000  tons 

Structural  Steel  8,000  tons 
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146 
2,390 
2,000 

500 

feet 
feet 
feet 

feet 

450 

feet 

4,000 

feet 

7.340 

feet 

(b)  General  Dimensions. 

IVIaximum  Height 
Length  of  Concrete  Section 
Net  Length  of  Spillway- 
Length  of  Bulkheads 
Length  of  Earth  Dike, 

South  End  -   - 
Length  of  Earth  Dike, 

North  End  

Overall  Length  of  Dam 

and  Dikes  -  - 

(c)  Spillway  Control.   -   40-50  foot  vertical  lift  fixed-roller 
gates  operated  by  means  of  two   traveling  gantiy  cranes  and  18   fixed 
electric  hoists. 

(d)  De-icin^  Provisions. 

(l)     Eighteen  of   the  gates,   opposite   the  deepest  part  of 
the  river  channel,   are  to  be  divided  horizontally   so   that  floe  ice  may  be 
skimmed  with  lo'ffer  section  gate   crests  at  elevations  229,   232,   and  234. 
These  18  gates  will   have  fixed  individual   hoists. 

(2).   All  gate  guides  are  provided  .vith  electric  heaters 
and  in  the  18  split  gates   the  sills  of  both  halves  are  also  provided  with 
heaters. 

(3)     Each  gate   is   to  be  provided  'with  three  air-bubbling 
orifices  located   in   the  dam  crest   just  upstream  from  the  gate,   air  to  be 
supplied   from  a   central   air-piimping  station.      It  is  expected  that   this 
air  system  ./ill  be  used    continuously  during-    severe  winter  weather. 

(e)  Elevations. 

Top  of  Dam  (Gate  Platform)  261.OO 

Top  of  Spill./ay  Gates  246,00 

Top  of  Earth  Dikes  254.50 

Crest  of  Spillway  221.00 

Ivlaximum  Pool  2l|9.00 

Normal  Operating  Pool  242,00 

(Final  Stage) 

Normal   Operating  Pool  238. 00 

(Initial   Stage) 

Lowest  Foundation  Rock  II5.OO 

(Approximate) 
Tailwater  Hev.      (220,000   cfs.   over  spill//ay)-170.4   (raeximura) 
Tailwater  Elev.      (220,000  cfs.    through  P.  H.    )-158.0   (minimun) 

(f)  Drainap:e  Area.  298,090  so.  miles 

(g)  Area  of  Pool   at  ELev.    242.0  46,000  acres 

(Up   to  Iroquois  Dam) 
(h),    Spillway    capacity  at  Elev.    23I.O   220,000   cfs. 

Note:      More  complete  hydraulic  data   is  given  in  the  Hydraulic  Design 
analysis  of  this  Project 
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1-04.   INVESTIGATIONS.  -  The  studies  listed  below  are  being  made  or  will 
be  tnade  before  the  plans  for  the  dam  are  completed.  Insufficient  data  is 
available  to  warrant  inclusion  of  any  of  these  studies  in  this  report,  but 
the  results  of  the  studies  will  be  made  the  subject  of  lat  ;r  reports. 

1.  Foundation  explorations  (borings  and  shafts) 

2.  Seismic  explorations 

3.  Field  compaction  studies 
4"   Rock  quarry  tests 

5.  Foundation  stress  studies 

6.  Hydraulic  model  tests 

7.  Aggregate  studies 

Studies  other  than  the  foregoing  are  und'r  consideration. 
Some  of  these  studies  relate  to  the  particular  conditions  expected  to  obtain 
during  construction  of  the  Long  Sault  Dam,  others,  such  as  the  measures  to 
be  taken  to  dissipate  the  heat-of-hardening  of  the  concrete,,  will  consist 
of  digests  of  experience  on  other  projects. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SATJI.T  DAIjI 

SECTION  II  -  DESIGN  LOADS 

2-01.  -  The  following  excerpts  from  a  memorandum  dated  February  l/j. , 
I94I,  from  !,!r.  Guy  A.  Lindsay  define  the  hydraulic  conditions  governing 
the  design  loading  (a  subsequent  memorendum  dated  April  26,  1941  altered' 
hydraulic  conditions  at  Iroquois  Dam  but  did  not  affect  hydraulic  conditions 
at  Lon^  Sault  Dam)  : 

2-02.   CONDITION  NO.  I. 

(a)  Hoadv-ater  Elevation  to  be  such  as  to  conform  to  second  last 
paragraph  of  Engineering  Report  dated  Ottov.'a,  January  3»  1941  i  - 

"All  the  works  in  the  pool  below  the  control  d^m  shall  be 
designed  to  provide  for  full  Lake  Ontario  level  but 
initially  the  pool  shall  be  operated  at  maximum  elevation 
233.0." 
The  maximum  monthly  mean  level  of  Lake  Ontario  at  Osv/ego 
in  nature  was   elev.  249-02  (May  1370).   Tith  present  outlet  conditions, 
and  w:th  3i200  c.f.s.  diverted  at  Chicago  the  maximum  monthly  mean  level  of 
the  Lake  would  be  elev.  249 '66.   Under  Regulation  of  Lake  Ontario  (!.Tethod 
No. 5)  the  resulting  maximum  monthly  mean  v/ater  level  would  be  elev.  249-10. 
Headv.atcr  level  adopted .Elev. 249  -00 

(b)  Tailv.^ater  elevation.  -  If  headwater  level  is  taken  as  full 
Lake  Ontario  level,  then  there  can  be  no  outflow  from  the  Lake,  in  which 
case  tailvster  level  should  be  taken  at  lov.  water  level  of  Lake  St.  Francis, 

say Elev.l'^O.OO 

_^         (c)   Ice  Pressure.  -  With  extreme  heedv^ater  and  tailv.ater  levels 
taken  as  above  and  in  view  of  the  feet  that  the  maximum  level  of  Lake 
Ontario  would  occur  in  the  month  of  May,  no  ice  pressure  need  be  considered 
under  Condition  No.  1. 

2-03.   CONDITION  NO.  2. 

(a)   Headwater  elevation.  -  Maximum  mo-.thly  mean  headwater 
elevation  resulting  from  application  of  Regulation  of  Lake  Ontario  (Method 
No.  5)  and  backwater  studies  described  in  Document  No.  4  (Ottav>a,  November 
15,  1940)  would  occur  in  May  I93I  with  a  flow  of  200,000  c.f.s.,  under 
Vi'hich  condition  headwater  level  would  Le  elev. 242. 3-   To  allow  for  future 
channel  enlargement  and  as  a  factor  of  safety  to  cover  differences  in  actual 
backwater  slopes  and  those  figured,  it  would  appear  that  maximum  operating 

headwater  level  should  be  taken  at 

Elev.  24S.00 

''b)   Tailwater  elevation.  -  With  maximum  monthly  mean  headwater 
level  resulting  from  operating  conditions  as  above,  all  the  flov;  would  be 
going  through  the  powerhouses  and  the  tailwater  level  at  the  dam  would  be 
the  same  as  tailwater  level  at  the  pov-erhouse .  With  200,000  c.f.s.  this 
level  would  be  elev.  155-0  (D'rgram  2326,  Document  No.  4)-   To  allow  for 
future  channel  enlargement,  etc.,  it  would  appear  that  under  these  con- 
ditions tailwater  level  should  be  taken  at Elev.i54.OO 

(c)   Ice  Pressure.  -  v,-i  th  the  above  head  and  tailwater  levels, 
ice  pressure  would  be  nil  as  this  would  occur  in  the  open  water  season. 
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2-04.   CONDITION  NO.  3- 

(a)  Headwater  elevation.   The  maximum  monthly  mean  elevation 
under  ice  cover  conditions,  after  the  ice  cover  has  formed  over  the  pool 
extending  from  the  Long  Sault  Dam  to  Iroquois,  based  on  Re^^ulation  of 
Lake  Ontario  (Method  No.  5)  and  the  back'.vater  calculations  described  in 
Document  No.  4,  vrould  occur  in  January  1374  with  a  flow  of  217,000  c.f.s. 
and  would  be  elev.  238.5. 

Full  ice  pressure  might  result  under  conditions  as  per- 
taining at  the  beginning  of  the  ice  forming  period  when  the  water  level  at 
the  dam  would  be  that  resulting  from  open  water  friction  losses  only.   The 
maximum  water  Level  at  the  Long -Sault  dam  under  these  conditions  would  be 
about,  elev.  242.3  (January  1st,  1862,  Q,  -  221,000  c.f.s.). 

To  allow  for  future  channel  enlargement,  it  would  appear 
that  under  these  conditions  the  headwater  level  should  be  taken  at 
►.... Elev.  245.30 

(b)  Tailwater  elevation.  -  Under  conditions  described  in  (e) 
above,  there  would  be  no  flow  over  the  dam  end  the  tailwater  level  v/ould 

be  that  at  the  powerhouse.   This  might  be  taken  at .  .?'lev.  154.5- 

(c)  Ice  Pressure.  -  Ice  pressure  under  this  condition  should 
be  taken  at  10,000  lbs.  per  lin.  ft.  of  dam  acting  at  elev. 

245.00  -  1.00  2 Elv.  244.00 

2-05.  ST  LAWRENCE    yATER^AY 

PRELTOINARY  DESIGN  DATA   FOR   LONG   SAULT  DAI.T 

Condition                      Headwater            Tailv.-ater                       Ice  Pressure 
level level (lO.OOO.jg/lin.f  t. ) 

Lon^  Sault  Dam 

1  El..  249.00  El.  150.00            nil 

2  El.  245.00  El.  154.00            nil 

3  El.  245-00  El.  154.50  El.  244.00 
Conditions  Nos,  1  and  3  govern  the  design. 

2-06.   UPLIFT  PRESSURES.  -  The  Long  Sault  Dam  has  been  designed  for 
uplift  pressures  of  full  headwater  at  the  upstream  toe  and  full  tailwater 
at  the  downstream  toe  both  applied  over  two-thirds  of  the  base  ares. 
Alternately  it  has  been  designed  for  full  tailwater  over  the  entire  base 
plus  a  differential  pressure  equal  to  50  percent  of  the  difference  between 
headwater  and  tailwater  at  the  upstream  toe  dropping  uniformly  to  tailwater 
only  at  the  do^Tistream  toe.   The  first  alternate  is  slightly  more  severe  for 
the  lower  portion  of  the  dam  while  the  second  alternate  is  more  severe  for 
that  part  of  the  dam  which  extends  above  tailv^ater  level. 
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SECTION  III  -  UNIT  STRESS-ilS 

3-01.  -  The  follov/ing  unit  stresses  for  concrete,  reinforeced  concrete, 
and  steel  construction  have  been  used  in  the  design  of  the  long  Sault  Dam. 
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ST.  LATOETJCE  RWER  PROJECT 
r^orking  Stresses  for  Concrete 


Nature  of  Stress 


3403  lb. 
Concrete 
Class  A 
Ibs/sq  in 


30001b. 
Concrete 
Class  B 
Ibs/sq  in 


2403  lb. 
Concrete 
Class  C 
lbs/  sq  in 


FLEXTURE 

a.  Extrenae  fiber  stress 
in  compression 

b.  Extreme  fiber  stress 

in  compression  adjacent 
to  supports  of  contin- 
uous or  fixed  beams  or  of 
rii^.id  frames 

c.  Extreme  fiber  stress  in 
tension  -  Plain  concrete 
only  (to  be  used  for  mas- 
sive sections  such  as 
monolithic  arches,  retain- 
ing wall,  etc.,  not  exposed 
to  largo  temperature 
variations) . 

AXIAL  COIvIPRESSTON 

a.  In  short  columns  with 
lateral  ties  (banded 
colu.-jas) 

b.  In  short  columns  with 
continuous  spirals 

c.  Pedestals-Unreinforced- 
Gross  Section 

d.  Composite  Columns 


1225 


1400 


70 


1050 


1200 


60 


875 


1000 


50 


785 

675 

560 

980 

840 

750 

375 
875 

750 
750 

625 
625 

3.  BEARING 

a.  Load  over  entire  area 
b..  Load  over  partial  area- 
Maximum  permissible 

4.  COI^^BTNSD  BENDING  AJJD 
DIRECT   STRESS- CO'^RES-      - 
SION  IN  EXTREME   FIBER 

Tn  no   case   should   the 

section  be    less   than 

that  required   where 

axial   load  alone   is 
considered  usin^  stresse; 


875 

1225 


750 

10  50 


625 
875 


in  2-a  and  2-b  above. 
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Working  Stresses  for  Concrete  (Cont'd) 


Nature  of  Stress 

3400  lb. 

3000  lb. 

2400  lb. 

Concrete 

Concrete 

Concrete 

Class  A 

Class  B 

Class  C 

lbs/  sq  in 

lbs/  sq  in 

lbs/  sq  in 

..(Cont'd) 

a.  Spiral  columns  with 

entire  section  in 

compression 

1225 

1050 

940 

b.  Spiral  columns-Ten- 

sion in  section 

1225 

1050 

875 

c.  Banded  columns  - 

Entire  section  iii 

compression 

1050 

900 

750 

d.  Banded  columns-Ten- 

sion in  section  (Short 

columns  only,  i.e.l/r 

•  =  40 

1225 

1050 

875 

e.  Arches 

1225 

1050 

875 

b. 


f. 

S- 
h. 


SHEAR 

Beams-No  web  reinforce- 
ment nor  special  anchor- 
age of  longitudinal  steel 
Beams  -No  web  reinforce- 
ment-Longitudinal bars 
specially  anchored 
Beams-Web  reinforcement 
but  longitudinal  bare 
not  anchored 
Beams- Web  reinforcement 
and  longitudinal  bars 
specially  anchored 
Flat  slab-At  critical 
section 

Footings  with  hooked  ends 
Punching  shear 
Flat  slabs-Beams  at  walls 
and  openings-Tor sional 
shear  plus  direct  shear- 
Web  reinforcement  and  lon- 
gitudinal bars  specially 
anchored 


70 

60 

50 

105 

90 

75 

210 

180 

150 

315 


270 


225 


105 

90 

75 

105 

90 

75 

260 

225 

190 

525 


450 


375 


b. 


BC'ND 

Beams,  slabs,  and  one- 

. 

way  footings 

Plain  bars  (where  spec: 

ial) 

anchorage  is  provided) 

140 

120 

100 

Deformed  bars 

175 

150 

125 

Two-way  footings 

Plain  bars 

105 

90 

75 

Deformed  bars 

135 

115 

95 

Cold  drawn  steel  wire 

70 

60 

^50 
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Classification; 

1.  Class  *A*  Concrete  shall  be  used  for  pier  houses  ,  parapets,  spillway 

birdge,  deck  girders,  and  as  otherwise  indicated. 

2,  Class  'B*  Concrete  shall  be  used  in  the  bridge  piers,  training  walls, 
stilling  basin  or  as  otherwise  indicated. 

3-      Class  "C  Concrete  shall  be  used  for  the  mass  section  of  the  dam  pro- 
per. 
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ST.  LAWRENCE  RIVER  PROJECT 
Working  Stresses  for  Steel 


Nature  of  Stress 


Maximum 
Stress 


Formula 


Used 


1.  TENSION 

Rolled  Steel,  on  net  section. .............  ►....18,000 

On  the  area  of  the  nominal  diameter  of  rivets 
under  the  limitations  defined  in 

Section  I3 ..► 13i500 

Tension  on  re inf or c ing  steel 18 ,000 

2.  COMPRESSION 

Rolled  Steel,  on  short  lengths  or  where 

lateral  deflection  is  prevented ►18,000 

On  gross  sections  of  columns  with  a 

maximum  of »..»....». .►I5t000 

For  main  compression  members,  the  ratio 
L/r  shall  not  exceed  120,  and  for  bracing  and 
other  secondary  members,  200 

3.  BENDING 

On  extreme  fibers  of  rolled  sections,  and 
built-up  sections,  net  section,  if  lateral 

deflection  is  prevented..  ► 18,000 

When  the  unsupported  length  L  exceeds  15 
times  b,  the  width  of  the  compression  flange, 
the  stress  in  pounds  per  square  inch  in  the 
latter  shall  not  exceed 

The  laterally  unsupported  length  of  beams  and 

girders  shall  not  exceed  40  times  b,  the  width 

of  the  compression  flange. 

On  extreme  fibers  of  pins,  when  the 

forces  are  assumed  as  acting  at  the 

center  of  gravity  of  the  pieces ...27,000 

k .   SHEARING 

On  pins 13,500 

On  power-driven  rivets .,,.,13i500 

On  turned  bolts  in  reamed  holes  with  a 

clearance  of  not  more  than  l/50  of  an  inch.. 13.500 

On  hand-driven  rivets 10,000 

On  unfinished  bolts ►10,000 


18.000 
1  tL^ 


iSOOOr' 


20.000 
1  -f-L2/2000b2 
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Tibrkin^  Stresses  for  Steel  (Cont(d) 

Nature  of  Stress  Maximum     Formula 

Stress      Used 

On  the  gross  area  of  the  webs  of  beams  and 
girders,  where  h,  the  clear  distance  be- 
tween flanges  in  inches,  is  not  more  than 
60  times  t,  the  thackiiess  of  the  web  in 

inches ► 12,000 

On  the  gross  area  of  the  vsebs  of  beams  and 
girders  if  the  web  is  not  stiffened  w^ere  h  is 
more  than  60  times  t, the  greatest  average 

shear  per  square  inch,  V/a,  shall  not  exceed ,.18.000 

lth^/72O0F 

5.  BEARING 

Double  Single 

Shear  Shear 

On  pins » ► ► 30,000  24,000 

On  power-driven  rivets 30,000  24,000 

On  turned  bolts  in  reamed  holes 30,000  24,000 

On  hand-driven  rivets 20,000  l6,000 

On  unfinished  bolts ►,  20,000  l6,000 

On  expansion  rollers  per  linear  inch,  60O  times  the  diameter 

of  the  roller  in  inches 

6.  COMBINED  STRESSES.  For  combined  stresses  due  to  wind  and 
other  loads,  the  permissible  working  stress  may  be  increased 
33   1/3  percent,  provided  the  section  thus  found  is  not  less 
than  that  required  by  the  dead  and  live  loads  alone. 

7.  MEMBERS  CARRYING  «IND  ONLY.  For  members  carrying  wind  stresses  only, 
the  permissible  working  stresses  may  be  increased  ^3   1/3  percent. 

8.  OTHER  LOADS.  For  members  carrying  ice  loads  and  other  special  load- 
ing the  permissible  working  stresses  will  be  as  stated  in  the  sections 
describing  the  structures  involved. 
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ANALYSIS  OF  DESIGN  FDR  LONG  3AULT  DAM 

SECTION  IV  -  CONCRETE 

4-OL.  SCOPE.  -  This  section  of  the  analysis  of  design  deals  with  the 
factors  affecting  design  of  the  concrete  to  be  used  in  Long  Sault  Dam: 

4-02.   STRENGTH.  -  (28  day) 

Average  for  any  25 
Class  Consecutive  Cylinders 

A  3400  lbs.  per  sq.  in. 

B  3000   "    ■    •    n 

C  2400   "     •    n    It 

Class  "A"-  concrete  will  be  used  for  the  pier  houses,  parapets,  spillway 
bridge,  and  otherwise  as  directed.   Class  "B"  concrete  will  be  used  for  the 
bridge  piers,  training  walls,  spillway  apron,  or  otherwise  as  directed. 
Class  "C"  concrete  will  be  used  for  the  mass  section  of  the  dam.   In  the 
outer  five  feet  of  the  exposed  dam  surfaces  and  around  conduits  and  other 
openings,  the  Class  "C  concrete  may  be  enriched  by  the  use  of  additional 
cement. 

4-03*  All  cement  wrill  be  of  the  moderate-heat-of-hardening  type  con- 
forming to  the  requirements  of  Federal  Specification  SS-  C-206a.  It  is 
estimated  that  a  five-foot  pour  will  reach  its  maximum  temperature  in  about 
three  days.  The  specifications  will  require  that  an  interval  of  five  days 
elapse  between  the  completion  of  one  pour  and  the  start  of  the  next  pour. 
It  will  also  be  made  possible  for  the  contractor  to  use  artificial  cooling 
methods  to  reduce  temperature  changes. 

4-04.  AGGREG-^TE  INVFSTIGATIONS.  -  Ertensi^e  surveys  have  been  made  of 
the  sources  of  fine  and  coarse  aggregates  in  the  vicinity  or   the  project. 
The  results  of  these  surveys  are  described  in  detail  elsewhere  in  this 
report.   (Paragraph  12-03  (c)). 

4-05.  AGGREGATE  CONTENT. 

(a)  General .  -  The  total  ■vclujii'?  of  agg.'getes  to  be  used  jn 
each  cubic  yard  of  concrete  will  be  that  n-^cessary  to  pr'^duce  e  c'ense 
mixture  of  the  required  workability.  The  ii:idivid.--l  mixes  will  be  based 
upon  securing  concrete  having  suitable  workebiiit;  ,  density,  impermeability t 
and  the  required  strength,  without  the  use  of  an   pxcessivs  amount  of  cem'^nt. 

(b)  Sizes.  -  Course  Aggregate  will  bt  graded  and  stored 
separately  in  4  sizes,  namely:  a,.  3/l6»  to  3/4"}  b^.  5/4"  to  1-1/2";  _c, 
1-1/2"  to  3";  d,  3''  to  6". 

(c)  Tests. -  Fine  aggregate  will  be  subjected  to  careful, 
thorough  analyses  to  determine  conformity  with  all  of  the  foregoing  and 
other  specified  requirements,  including  freezing  and  thawing  and  magnesium 
sulphate  tests  for  soundness. 

4-06.   COARSE  AGGREGATE.  - 

(a)  Coarse  aggregate  may  be  vvashed  gravel  or  crushed  stone. 

(b)  Quality.  -  Coarse  aggregate  of  standard  quality  v.ill  be 
required.  An  allowance  is  made  for  5  percent  of  soft  fragments,  1/4  of 
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1   percent  clay  lumps,   and  removal  by  decantation  of  1   percent, 

(c)  Size.  -  For  Class  "A"  concrete  the  maximum  size  aggregate 
shall  be  not  more  than  1^  inches;  for  Class  "B"  not  more  than  3  inches; 
and  for  Class   "C*   not  more  than  6   inches, 

(d)  Tests.   -  Both  fine  and  coarse  aggregates  will  be  subjected 
to  freezing  and  thawing  tests  and   thorough  tests  to  check   their  conformity 
with  all   requirements  of   the   specifications. 

4-07.     MIXING  "WATER.   -  Reports  from  the  U.   S.   Geological  Survey  in- 
dicate  that  St.  Lawrence  River  water  is  satisfictdrily  free   from  injurious 
chemicals  and  ordinarily  free  from  excessive  amounts  of  suspended  siltt 
etc. 

4-08.     PROPORTIONING.    - 

(a)  It  has  been  assumed  that  the  three  classes  of  concrete  to 
be  used  woxild  have  the  following  cement  content  per  cubic  yard: 

Class  "A"  5,0  to  6,0  bags 

Class  «B"  4«0  to  5.0  bags 

Class  "C"  3,0  to  4.5  bags 

Concrete  deposited  in 
water  6.5  bags 

(b)  Water  Content  and  Consistency  of  Concrete.  -  In  calculating 
the  total  water  content  in  any  mix,  the  amount  of  moisture  carried  on.  the 
surface  of  the  aggregate  particles  shall  be  included.  In  all  cases  the 
amount  of  water  to  be  used  will  be  the  minimum  amount  necessary  to  produce 
a  plastic  mixture  of  the  strength  specified  and  of  the  desired  density, 
uniformity  and  workability.  In  general,  the  consistency  of  any  mix  will 
be  that  required  for  the  specific  placing,  conditions  and  methods  of  place- 
ment, and  ordinarily  the  slump  shall  be  between  1/^  inch  and  2  inches  for 
Class  "B"  and  Class  "C"  concrete,  and  between  1-1/2  inches  and  3  inches 
for  Class  "A"  for  "Method  of  Test  for  Consistency  of  Portland  Cement  Con- 
crete," of  the  American  Society  for  Testing  Materials, 

4-09.  MIXING  AND  PLACING.  - 

(a)  The  contractor  will  be  required  to  provide  a  complete  modern 
and  dependable  mixing  plant  with  a  minimum  capacity  of  1800  cubic  yards 
of  concrete  per  8  hours,  equipped  with  automatic  timers,  weighing  units, 
ax^  means  for  measuring  and  indicating  water  entering  the  mixers, 

(b)  Placing.  -  Placing  from  bottom-d\imp  buckets  not  exeeding  4  cubic 
yards  in  size  will  be  required.  Placing  temperatures  will  be  restricted 
to  the  range  between  40  and  J5  degrees  (F).  Artificial  cooling  or  heating 
will  be  required  wh«in  necessary.  Thorough  cleaning,  dewatering  and  pre- 
paration of  rock  surfaces  will  be  required  before  concrete  is  placed. 
Concrete  courses  in  mass  concrete  are  held  to  5-foot  maximum  depth  except 
near  the  crest  of  the  dam.  Initial  courses  and  those  placed  after  an 
interval  of  I5  days  or  more  are  restricted  to  a  depth  of  2  to  3  feet.  Five 
days  must  elapse  between  the  completion  of  one  course  before  pouring  can 
start  on  the  next  course.  Special  measures  have  been  taken  to  terminate 
coirses  at  details  of  discontinuity.  Mechanical  vibration  of  concrete  is 
required. 
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4-10  CQTTSTPXTION  JOINTS.  -  Vertical  construction  joints,  up  to 
elevation  166.O  are  to  be  formed  with  tongue  and  groove  keys.  Horizontal 
joints  are  to  be  continuous  throughout  all  monoliths.  Horizontal  joints 
surfaces  are  to  be  cleaned  and  scrubbed  before  placing  fresh  concrete. 

4-11.  FINISHING.  -  Exposed  concrete  siirfaces  are  to  be  given  a  smooth 
finish  but  rubbing  with  carborundum  is  not  required. 

4-12.  ABSORPTIVE  FORM  LINING.  -  Absorptive  form  lining  of  approved 
type  will  be  required  on  all  permanently  exposed  formed  concrete  surfaces 
in  order  to  insure  a  dense  surface  concrete.   The  present  specification 
is  modeled  after  that  used  for  Caddoa  Dam  but  provision  is  made  for  further 
investigation  of  this  relatively  new  procedure. 

4-13.   EXPANSION  AND  CONTRACTION  JOINTS,  -  Vertical  expansion  joints 
between  monoliths  are  to  be  formed  with  vertical  tongues  and  grooves  with 
the  outer  edges  of  contact  surfaces  painted  with  asphalt.   Waterstops  will 
consist  of  a  6-inch  diameter  vertical  channel  halved  by  the  joint  and  filled 
with  plastic  bituminous  compound.  A  steam  coil  in  each  channel  vdll  serve 
to  melt  the  filler,  both  during  construction  and  later  for  maintenance.  A 
copper  strip  will  prevent  the  melted  compound  from  reaching  the  f?ce  of  the 
dam. 

4-14-  SEEPAGE  DRAINS.  -  Vertical  lour-inch  porous  cc  ..crete  tile  drains 
are  provided  on  six-foot  centers  near  the  upstream  face  of  the  dam.  These 
drains  will  discharge  into  the  inspection  galleries,  from  which  the  seepage 
water  will  flow  by  gravity  or  be  pumped  to  the  tailwater  below  the  dam. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SAULT  DAM 

SECTION  V  -  DESCRIPTION  OF  DESIGN 

5-01.  SCOPE.  -  This  section  is  intended  to  give  a  detailed  description 
of  the  various  features  of  design  of  the  concrete  section  of  the  Long 
Sault  Dam  and  reasons  for  the  location  and  nature  of  these  features. 

5-02.  DESCRIPTION.  -  The  Long  Sault  Dam  is  of  the  gravity  type,  made 
up  of  an  ogee  overflow  section  with  crest  2390  feet  in  length  at  elevation 
221  MSL  and  with  a  training  wall  at  each  end  of  the  stilling  bucket. 
The  spillway  is  controlled  by  forty  50-foot  by  25-foot  fixed  roller  gates. 
It  is  spanned  by  a  reinforced  concrete  bridge  supported  on  concrete-encased 
steel  girders.  This  bridge  serves  to  carry  a  highway  and  a  railroad  across 
the  dam,  while  the  outer  girders  support  two  traveling  gantry  cranes  which 
will  be  employed  to  operate  the  spillway  gates.  At  each  end  of  the  over- 
flow section  there  will  be  a  non-overflow  bulkhead  section  260  feet  long. 
These  non-overflow  sections  are  keyed  into  earthfill  dikes  which  extend 
for  a  short  distance  on  either  side  of  the  concrete  dam.  The  south  bulk- 
head is  ef  a  standard  gravity  design  while  the  north  bulkhead  has  been 
modified  in  outline  to  provide  compartments  to  be  used  for  spare  gate  storage 
and  repair,  and  for  the  electrical  and  mechanical  services  required  in  the 
operation  of  the  dam.  The  dam  is  traversed  from  end  to  end  by  a  service 
gallery  and  at  a  lower  level  by  grouting  and  inspection  galleries.  Access 
to  these  galleries  is  had  through  adits  and  stairways  from  the  guard  h,ouses 
located  at  either  end  of  the  dam  and  also  through  the  two  pier  houses 
located  at  either  end  of  the  spillway  section.  The  north  pier  house  is 
also  equipped  with  a  combined  passenger  and  freight  elevator.  A  steel 
service  platform  runs  from  end  to  end  of  the  spillway  section  under  the 
bridge.  This  is  intended  to  facilitate  service  and  repairs  to  the  electric 
and  other  conduits  which  will  be  located  under  the  bridge.  The  mechanical 
design  is  such  that  all  gates  are  interchangeable  and  any  gate  can  be  used 
as  a  stoplog  in  the  slot  above  any  service  gate.  The  entire  crest  of  the 
dam  is  supplied  with  air  bubblers  which  are  expected  to  keep  the  face  of 
the  gates  free  from  solid  ice  even  in  the  most  severe  winter  weather.   In 
addition  to  the  air  bubbler  system  electrical  heaters  are  provided  for  the 
gate  guides  and  sills  of  the  split  gates  and  for  the  guides  only  in  the 
remaining  gates. 

5-03 •  GROUTING.  -  While  the  geological  investigations  indicate  that 
the  foundation  rock  under  this  dam  will  be  sound  and  free  from  fissures, 
provision  has  been  made  for  extensive  and  complete  grouting.  The  spec- 
ifications provide  that  the  initial  grout  holes  shall  be  widely  spaced  and 
that  each  shall  be  pressure  tested.  When  there  are  indications  that  grout 
can  be  absorbed  intermediate  holes  are  to  be  drilled  and  tested.  This 
process  is  to  be  continued  until  in  extreme  cases  the  grout  holes  may  be 
2-1/2  feet  on  centers.   This  will  make  certain  that  the  entire  dam  foundatbn 
will  be  watertight  for  a  depth  of  approximately  100  feet  below  the  bottom 
of  the  concrete  dam. 

5-04.   FOUNDATION  DRAINS .  -  A  system  of  foundation  drain  holes  30  feet 
on  centers  will  be  drilled  just  downstream  from  the  grout  curtain.  These 
drain  holes  will  extend  up  into  the  grout  gallery  where  they  will  be  fitted 
with  means  for  measuring  the  actual  hydro-static  pressure.  Any  drainage 
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from  the  foundation  will  then  be  free  to  run  from  the  grout  gallery  to 
the  downstream  face  of  the  dam. 

5-05.  -  CONCRETE  DRAINS.  -  Porous  concrete  tile  drains  will  be  placed 
vertically  on  6-foot  centers  near  the  upstream  face  of  the  dam  to  intercept 
any  possible  seepage  through  this  face.  They  will  drain  into  the  same 
relief  system  provided  for  the  foundation  drains.  These  vertical  drains 
will  also  serve  to  drain  the  galleries  themselves  and  the  vertical  monolith 
joints. 

5-06.   GALLERIES.  -  The  service  gallery  is  located  at  elevation  203.O, 
well  above  the  highest  possible  tailwater.  It  is  intended  not  only  for 
"inspection  purposes,  but  as  a  means  of  servicing  the  air  bubbler  system, 
electrical  and  other  mains.   Servicing  access  is  provided  frorti  the  service 
gallery  to  each  of  the  vertical  waterstops  between  the  concrete  monoliths. 
Each  of  the  waterstops  consists  of  a  6-inch  diameter  cylinder  centered  on 
the  monolith  joint.  This  cylinder  is  to  be  filled  with  melted  bitumastic 
compound  during  construction.   In  order  to  insure  the  complete  filling  of 
the  joint  eac^  waterstop  is  provided  with  a  loop  of  steam  pipe  which  will 
serve  to  melt  the  contents.   This  steam  heating  unit  will  terminate  in  the 
service  gallery  so  that  additional  bitumastic  compound  may  be  pumped  into 
the  -waterstop  at  any  time  and  the  entire  waterstop  reformed  by  heating  in 
case  the  monoliths  separate  or  settle  out  of  line.   The  lower  grout  and 
inspection  gallery  will  be  located  at  elevation  I66.O,  which  is  above 
mean  tail7/ater.  This  gallery  is  intended  principally  for  grouting  operations 
and  for  the  drainage  from  both  foundation  drains  and  face  drains.  In  the 
deeper  part  of  the  dam  a  supplementary  gallery  will  extend  from  this 
elevation  to  a  lower  elevation  suitable  for  grouting  the  deeper  foundation. 
All  galleries  and  stairways  will  be  thoroughly  ventilated  and  lighted. 

5-07.   BULKHEAD  CHAMBERS.  -  The  north  bulkhead  has  been  widened  to  pre- 
vide  room  for  the  storage  of  two  spare  gates  and  for  electrical  and  mechan- 
ical services.   The  gate  repair  bay  is  so  designed  that  a  gate  under  repair 
may  be  completely  dismantled.  Adjoining  the  gate  repair  bay  is  a  room 
equipped  with  tools  and  facilities  for  mechanical  repairs.   The  electrical 
bay  vdll  be  a  complete  substation  and  control  unit  from  which  power  will 
be  distributed  throughout  the  dam. 

5-08.   PIER  HOUSES.  -  The  two  pier  houses  are  intended  to  provide 
access  from  the  roadwaj/^  level  to  the  various  galleries  and  bulkhead  com- 
partments.  The  north  pier  house  will  be  provided  with  a  combined  passenger 
and  freight  elevator  while  the  south  pier  house  will  have  only  a  stairway. 

5-09-  GUARDHOUSES.  -  Small  double  guardhouses  are  provided  at  each 
end  of  the  dam  in  order  to  insure  complete  control  of  access  to  the 
structure  and  to  the  galleries  traversing  it. 

5-10.   TRAINING  HJALLS.  -  A  training  viall  is  provided  along  each  side  of 
the  spillway.  The  training  walls  are  made  only  high  enough  to  supply  5 
feet  of  freeboard  above  high  tailwater  elevation.  Estimates  were  made  for 
gravity,  counterfort,  and  cantilever  walls  and  the  counterfort  design  adopt- 
ed on  the  basis  of  these  estimates.   The  walls  are  to  be  thoroughly  drained 
so  that  they  will  nol  be  subject  to  extreme  conditions  of  loading. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SADLT  DAM 

SECTION  VI  -  STRUCTURAL  DESIGN 

6-01.  SCOPE.  -  This  section  describes  the  stress  analysis  procedure 
adopted,  assumptions  made,  and  methods  employed  to  determine  the  design 
for  the  various  parts  of  the  dam.  -Mich  of  the  design  procedure  to  be 
described  has  not  at  this  time  been  carried  out  and  it  is  the  intention 
to  describe  it  here  only  as  a  guide  to  the  future  complete  design  of  this 
project. 

6-02 ►  COMPUTATIONS.  -  The  computations  which  have  been  made  a  part  of 
this  report  are  based  on  simple  two-dimensional  mechanics,  which  are 
sufficiently  accurate  for  a  dam  of  this  type  and  size.  The  unit  stresses 
are  based  on  the  simple  formula 

P  r  P^-MS. 

A   I 
p  _  total  vertical  force  on  the  section 
A  -  Area  of  the  section 
M  a  Bending  moment  acting  on  the  section 
c  Z   Distance  of  face  from  neutral  plane 
I  =  Moment  of  Inertia  of  section  ■  Ak^  when.k  is  the  radius 

gyration  of  the  section 

6-O3.  PRINCIPAL  STRESSES.  -  It  is  intended  to  plot  the  "principal 
stress"  diagrams  for  all  sections  of  the  dam  in  order  to  arrive  at  a 
more  accurate  basis  of  design  for  reinforcement  in  the  vicinity  of  the 
gallery  and  adits..  Reference  is  made  to  paper  1847»  proceedings  of  the 
American  Society  of  Civil  Engineers,  "Determination  of  Principal  Stresses 
in  Buttresses  and  Gravity  Dams,"  by  W.  H.  Holmes.  The  detaili^d  application 
of  this  method  is  described  in  the  Analysis  of  Design  Report  for  the  Caddoa 
Dam. 

6-O4.  -  SPILLWAY  BRIDGE.  -  No  detailed  design  has  been  made  for  the 
spillway  bridge,  but  sufficient  investigation  was  made  to  establish  the  • 
probable  maximum  size  of  girders  and  thickness  of  slabs.  Maximum  live 
loads  assumed  were  if 

(a)  On  slabs,  a  240,000  pound  gate  supported  on  the  slab, 
causing  a  loading  of  l^QOO   pounds  per  foot  width,  concentrated  at  mid- span; 
plus  impact  of  25  percent. 

(b)  On  railroad  girders,  E  70  locomotive  loading.  Impact 
according  to  the  usual  A.  R.  E.  A.  formulas  for  this  length  span  would  be 
about  90  percent,  but  since  this  is  a  service  railroad  on  the  roadway 
birdge  of  a  dam  it  was  assumed  that  trains  would  be  operated  only  at  low 
speed.   Impact  allowance  used  was  25  percent.  No  highway  live  load  was 
used  with  the  maximum  railroad  loading  but  the  highway  portions  of  the 
structure  are  designed  for  H-20  loading. 

(c)  On  the  downstream  crane  girder,  loading  from  one  four-wheel 
crane  truck  with  86  kips  per  wheel,  plus  one-half  of  an  H20  truck,  from 
the  highvi-ay,  plus  impact  of  25  percent  of  both  live  loads.  The  upstream 
crane  girder  would  have  approximately  the  sametotal  load,  the  dead  load 
being  greater  but  the  highway  live  load  being  omitted. 

6-1 


6-05.  EARTH  PRESSURES.  -  The  physic ial  properties  of  earth  fill  were 
assvuned  as  follows: 

Dry  Weight  -   HO  Ib/cu.  ft. 

Specific  Gravity  s  2.65 

Void  ratio  l  0.5 

Angle  of  Internal  Friction 

(Angle  of  repose)  ^  -  ooo 

Sin  ^  s  0.5446 

Applying  Rankines:  well-knov/n  equation 
p  -  wh^  (1  -  sin  Of) 
2   (1+  sin  0) 
the  following  horizontal  pressures  were  thendetermlned  and  usedi 
Dry  Earth  (liquid  equivalent)  -   32.5  Ibs/cu.  ft. 
Saturated  earth  and  silt      ^  82.5  Ibs/cu.  ft. 

6-O6.   DESIGN  OF  PIERS.  -  The  spillway  piers  are  of  comparatively 
slender  proportions.   They  will  be  heavily  reinforced  with  a  structural 
steel  framework  shaped  to  insure  accurate  forming  of  the  pier  itself  and 
support  for  the  gate  guides.   This  structural  framework  will  be  supplemented 
with  a  system  of  bar  reinforcement.  The  piers  will  be  designed  to  support 
not  only  the  maximum  normal  reaction  of  the  gates,  including  ice  pressure, 
and  the  balanced  and  unbalanced  reactions  from  the  bridge  and  gantry  cranes, 
but  also  for  twisting  loads  and  hydrostatic  loads  due  to  partial  gate 
closure.  Reinforcing  will  be  carried  down  into  the  mass  of  the  dam  well 
below  the  level  of  possible  tension  on  the  pier  monoliths. 

6-07.  REINFORCING.  -  It  is  intended  to  use  reinforcing  in  all  pier 
and  spillway  monoliths  wherever  the  computations  indicate  that  tension 
may  occur. 

6-O8.   CONTINUITY.  -  In  order  to  facilitate  construction  operations  the 
bridge  girders  are  designed  as  simple  spans  with  the  concrete  encasement 
not  used  as  a  reinforcing  element  for  the  steel  work.   This  design  tends 
to  eliminate  bending  in  the  piers  due  to  transferred  monaents.   The 
structural  framing  of  the  pier  houses,  guard  houses,  and  north  bulkhead  will 
be  of  rigid  frame  type. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SAULT  DAM 

SECTION  Vll  -  SPILLWAY  GATES 

7-01..  CHOICE  OF  TYPE.  -  Forty-two  gates  are  provided  for  the  40  spill- 
way openings,  two  being  spares.   Eighteen  of  the  gates  are  split  hori- 
zontally in  two  sections.   The  vertical  lift  type  was  selected  for  the 
following  reasons: 

(a)  V.Tien  a  gate  is  lifted,  the  spillT^ay  opening   is  left 
clear  for  passage  of  ice. 

(b)  It  was  desired  to  provide  crests  at  various  elevationr  ^n 
some  of  the  spillway  openings  for  skimming  ice. 

(c)  In  event  of  damage  to  a  gate,  a  spare  gate  may  be  used  in 
the  emergency  slot  in  the  same  opening  while  the  damaged  gate  is  being 
repaired. 

(d)  When  piers  and  appurtenances  are  taken  into  account,  the 
vertical  lift  gate  is  no  more  costly  (for  this  type  of  dam)  than  any 
other  type  of  gate  would  be. 

The  cantilevered  v/heel  design  was  chosen  in  order  to  keep  the 
depth  of  slot  at  a  minimum  and  to  eliminate  the  need  for  end  rollers. 

7-02.  LOADS  AND  UNIT  STRESSES.  -  The  loading  criteria  adopted  were: 

Condition  ( l)  Headwater  at  Elevation  249  with  no  ice  pressure^ 
The  top  of  gates  was  set  at  Elevation  24.6,  which  allows  one  foot  of 
freeboard  above  the  assumed  maximum  operating  levels  Hence  this  condition 
of  loading  corresponds  to  a  ^-foot   depth  of  flow  over  the  gates.  Ele- 
vation 249  is  the  maximxua  possible  water  level  with  all  flov/  in  the  river 
shut  off. 

Condition  (II)  Headwater  range  between  Elevation  23I  and  Ele- 
vation 245 '5  plus  a  uniform  ice  pressure  of  10,000#  per  lineal  foot  of 
gate  distributed  over  four  feet  vertically  and  corresponding  in  range  to 
the  headwater  elevations..  Thus,  ice  pressure  was  figured  between  Elevation 
227.5  and  Elevation  246. 0. 

The  allowable  unit  stresses  in  structural  steel  used  for  Con- 
dition ( I)  correspond  to  a  basic  unit  stress  of  18,000  lbs.  per  sq.  in. 
in  bending  for  structural  carbon  steel  and  24,000  lbs.  per  sq.  in.  for 
structural  silicon  steel.   The  thickness  of  all  material  under  computed 
stress  has  been  increased  I/I6"  over  design  thickness  as  an  allowance 
for  corrosion. 

The  allowable  unit  stresses  used  for  Condition  (II)  have  been 
increased  23%   over  those  for  Condition  (I)  and  no  allowance  made  for 
corrosion. 

A  minimum  materiel  thickness  of  3/8".  except  for  fillers,  was 
adopted. 

For  Condition  ( l)  a  radial  load  of  180,000  lbs.  was  allowed 
on  each  gate  wheel  in  combination  with  a  side  thrust  of  70,000  lbs.  at  the 
tread.  For  Condition  (II)  the  allowable  loads  on  the  viieel  were  increased 
23%   over  those  for  Condition  ( I) . 

Tailwater  was  not  considered  because  it  will  be  below  the  gate 
sill  for  both  conditions. 

The  wsight  of  water  was  considered  as  63-5  lbs.  per  cubic  foot. 
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7-03*  STRUCTURAL  DESIGN.  -  The  gates  will  be  mainly  of  structural 
carbon  steel  and  of  riveted  construction  except  for  calking  and  minor 
details  where  welding  may  be  used.   The  water  load  will  be  carried  by  the 
skin  plates  and  stiffeners  into  horizontal  girders  which  frame  into  the 
vertical  end  posts  containing  the  axle  bearings.   Since  vertical  diaphragms 
and  connections  are  unusually  heavy  to  distribute  ice  loads  and  to  take  the 
dead  load  of  the  gate  in  handling,  diagonal  bracing  will  not  be  used.  The 
end  posts  will  be  of  silicon  steel. 

7-04.   SEALS. - 

(a)  Side  seals.  -  The  seals  at  the  sides  of  each  gate  section 
are  2j"  diameter  staunching  rods  of  corrosion  resisting  steel  fastened  to 
the  gate  body  by  tobin  bronze  bolts.  Proper  allowance  was  made  for  toler- 
ances in  guides,  track  rails,  gate  structures  and  wheels  in  determining 
the  movement  of  the  seal  in  a  direction  parallel  to  the  face  of  the  pier. 
The  sealing  strips  are  placed  on  the  downstream  edges  of  the  gate  slots 
and  water  pressure  on  the  upstream  side  of  the  gate  will  increase  the  pres- 
sure between  the  seal  and  seal  strips. 

(b)  Bottom  Seals.  -  (1)  Bottom  seals  of  the  top  section  of  the 
double  section  gates  are  of  fabric-reinforced  synthetic  rubber  and  are 
clamped  to  the  bottom  of  the  gate  sections  by  structural  steel  clamp  bars 
and  steel  bolts  with  tobin  bronze  nuts  and  spring  lock  washers.  Junction 
with  the  side  seals  is  made  with  synthetic  rubber  blocks  clamped  and  com- 
pressed against  the  gate  members  and  the  bottom  seal  to  form  we.  ''-tight 
joints. 

(2)  Bottom  sealing  of  all  gates  is  secured  by  bearing  of 
the  planed  steel  surface  of  the  gate  on  the  babbitt  metal  in  the  sill. 

7-05 .   VJHEELS.  -  The  wheels  will  be  of  rolled  steel,  30"  in  diameter, 
with  heat-treated  triads  and  roller  bearings.  A  centralized  pressure 
greasing  system  will  provide  lubrication  for  the  wheel  bearings  at  each 
end  of  each  gate  section. 

The  wheels  will  run  on  heat-treated  crane  rails  set  vertically 
in  the  slots.  Sufficient  slip  on  the  axles  to  allow  for  changes  in  gate 
length  due  to  temperature  and  for  tolerances  is  provided. 

7-Od.  hoist,  -  Each  double-section  gate  opei'ng  (designated  Nos.  21 
to  38  inclusive  on  the  drawings)  vdll  be  equipped  with  fixed  hoists  for 
independent  operation  of  the  gates.   The  hoists  will  be  similar  to  and  of 
the  same  capacity  as  those  on  the  crane  trolleys  and  will  be  mounted  on 
structural  steel  towers  with  bases  on  the  pier  tops.   The  hoists  will  be 
made  so  that  they  may  be  removed  from  the  towers  by  either  of  the  gantry 
cranes  in  order  to  permit  removal  of  the  gates  from  the  slots. 

7-07.   LIFTING  AND  COUPLING  NffiCHANISM.  -  The  liftihg  and  coupling 
mechanisms  for  the  double  section  gates  will  consist  of  alloy  steel 
castings  and  structural  silicon  steel  connection  bars.   They  are  designed 
each  as  a  double  hodi  engaged  by  a  pair  of  swinging  arms,  hinged  from  a 
cross  head.   One  hook  is  fastened  near  each  end  of  the  top  of  the  lower 
gate  section.  Normally  these  hooks  are  engaged  through  the  swinging  arms 
and  cross  head,  with  a  tie  bar  extending  through  the  upper  gate  section. 
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These  tie  bars  terminate  in  a  second  pair  of  double  hooks.   When  lifting 
the  two  sections  together,  the  lifting  blocks  of  the  hoists  (or  the 
swinging  arms  of  the  lifting  beams)  engage  the  upper  hooks,  lifting  the 
lower  gate  section  through  the  tie  bars  and  lower  hooks.  The  upper  gate 
section  rests  upon  the  lower  section.  The  upper  and  lower  sections  are 
connected  together  through  the  tie  bars  which  are  held  in  locked  position 
by  wedges  near  the  upper  ends  bearing  against  the  top  of  the  upper  gate 
section. 

The  wedges  are  electrically  operated  near  the  top  of  each  double 
section  gate  by  a  motor-driven  screw  mechanism  with  manual  auxiliary. 
The  wedges  will  connect  the  two  sections  and  permit  their  operation  as  a 
unit.  Manual  emergency  operation  of  the  links  is  also  provided  for. 

Each  single  section  gate  is  provided  with  a  pair  of  guide  sockets  for 
centering  the  lifting  bean.  Each  top  section  of  the  split  gates  is  pro- 
vided with  a  pair  of  guide  sockets  at  the  top  and  a  pair  of  vertical  tapered 
pins  at  the  bottom.  The  lower  sections  are  provided  with  a  pair  of  guide 
sockets  at  the  top.   The  vertical  tapered  guide  pins  have  only  sufficient 
clearance  in  the  sockets  so  the  lifting  link  will  engage  the  hooks  freely. 

7-08.  PROTECTION  AGAINST  ICE.  -  Ice  protection  for  the  upstream  face 
of  the  gates  will  be  furnished  by  an  .air  bubbler  system  with  outlets  near 
the  sills  and  supply  pipes  in  a  gallery  under  the  spillway.   Provision  for 
preventing  or  melting  ice  in  the  gate  slots  is  made  by  installing  electric 
heaters  in  the  piers.  These  heaters  are  each  of  k   kw  capacity  and  are 
encased  in  3i"  standard  black  steel  pipes  embedded  in  the  concrete. 

Each  service  slot  will  be  provided  with  4  casings  and  electric 
heater  units  installed. 

Each  emergency  slot  will  be  provided  with  3  casings  and  electric 
heater  units  will  be  taken  from  the  service  slot  casings  and  installed  for 
operation  when  necessary. 

Ordinarily  only  the  double  section  gates  will  be  operated  during 
the  freezing  months  of  the  year  and  the  operation  of  these  gates  is  sufficient 
to  maintain  a  regulated  flow  of  water.   Complete  ice  protection  is  provided 
for  these  18  gates  by  the  use  of  10  kw  of  electric  heaters  placed  adjacent 
to  the  meeting  sill  and  ten  kw  placed  close  to  the  bottom  sill  of  each  gate. 
These  sill  heaters  are  intended  to  melt  ice  formed  by  leakage  through  the 
sills  and  each  element  is  enclosed  in  a  heat-insulated  designed  to  direct 
the  heat  to  the  desired  points  of  application. 

Each  double  section  gate  is  thus  provided  with  a  total  heater 
capacity  (in  sills  and  guides)  of  ^2   kw  or  1  kw  for  each  24  square  feet  of 
gate  area.   It  is  believed  that  this  relatively  large  amount  of  artificial 
heat,  combined  with  the  air  bubblers  and  insulated  end  posts,  will  insure 
ice-free  conditions  in  the  severest  weather. 

Since  the  main  body  of  the  gate  on  the  downstream  side  is  not 
sheathed,  the  vertical  chamber  at  each  end  formed  by  the  end  post,  the  end 
diaphragm  and  the  skin  plate  is  covered  on  the  dov/nstream  side  by  reioovable 
steel  plates  and  the  inside  of  the  chamber  insulated  by  a  compound  of  as- 
bestos and  asphalt.  This  construction  is  intended  to  insulate  the  water 
in  the  gate  slot  from  the  air  on  the  downstream  side  of  the  gate  and  thus 
tend  to  lessen  ice  formation  about  the  wheels. 
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7-09.  OPERATION.  -  The  gates  will  be  operated  by  either  of  the  two 
traveling  gantry  cranes,  or  by  fixed  hoists,  which  are  placed  only  at 
the  double  section  gate  opening.   Ordinarily  the  double  section  gates  will 
be  operated  as  a  unit.   When  it  is  necessary  to  skim  ice  the  two  sections 
will  be  disconnected  and  the  top  section  raised.   The  gates  will  be  held  in 
open  position  by  means  of  retractable  dogs  which  have  been  designed  as 
cantilevers  resting  on  structural  steel  grillage  bases  embedded  in  the  pier 
concrete.   These  dogs  deliver  a  vertical  reaction  into  the  piers  and  act 
as  simple  supports  for  the  gates..  A  pair  of  dogs,  at  elevation  251.62,  is 
located  in  each  opening  at  the  service  slots  and,  in  the  double  section 
gate  openings,  in  the  emergency  slots,  also.   The  dogs  are  individually 
hand  operated  at  the  deck  level  by  levers,  and  support  the  gate  on  the 
treads  of  the  over-hung  v.'heels.   The  dogs  in  each  gate  opening  are  de- 
signed to  support  a  load  of  150/?  of  the  vwight  of  the  gate  in  air. 

In  case  of  damage  to  a  gate  in  the  service  slot,  one  of  the  two 
spare  gates  may  be  lowered  in  the  emergency  slot,  upstream,  and  the  space 
betv/een  the  gates  unwatered  to  permit  work  on  the  damaged  gate  to  be  done 
in  the  dry.   Clearance  is  provided  so  that  this  spare  gate  can  be  carried 
into  place  from  either  end  of  the  dam. 

In  cold  weather  the  air  bubbler  system  will  be  kept  in  operation 
constantly  to  prevent  ice  formation  in  front  of  the  gates.   The  heaters 
in  the  slots  v/ill  be  run  at  partial  load  to  prevent  ice  forming,  or  will 
be  turned  on  to  melt  ice  already  formed  before  the  gates  are  operated. 
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ANALYSIS  OF  DESIGN  TOR  LONG  SAULT  DAM 
SECTION  Vni  -  GANTRY  CRANES 
8-01.   LOADS.  UNIT  STRESSES  AND  SPEEDS. - 

(a)  Tv/o  traveling  gantry  cranes  are  provided  for  the  operation 
of  the  spillway  gates  and  gates  used  for  diversion.   The  26o  ton  capacity 
of  the  main  hoist  for  Crane  No.  1  was  determined  by  the  pull  required  to 
lift  the  heaviest  diversion  gate  under  full  water  load,  plus  the  weight 

of  the  lifting  bean.   The  capacity  of  the  main  hoist  for  Crane  No.  2, 
which  is  not  used  for  diversion  gate  operation,  is  175  tons.   This  is  the 
maximum  load  expected  for  spillway  gate  operation.   The  capacity  of  the 
auxiliary  hoist  on  each  crane  was  set  at  10  tons,  that  being  considered 
safe  maximum  weight  of  any  movable  equipment  on  the  dam  except  the  gates. 

(b)  The  following  loading  conditions  were  considered: 

(1)  For  gantry  in  operating  condition,  dead  load  ^- live 
load  +impact  ^  tractive  force  -f-  10  lb.  per  sq.  ft.  wind  load. 

(2)  For  gantry  in  static  condition,  dead  load+  live  load 
4.30  lb.  per  sq.  ft.  wind  load,   (for  handling  spillway  gates  only) 

(3)  For  gantry  in  operating  condition,  dead  load  ^live 
load  +  collision. 

(4)  For  gantry  in  operating  condition,  dead  load  +  break- 
dovm  torque  of  hoist  motor  acting  through  one  drum. 

(5)  For  gantry  in  static  condition,  dead  load  -f  401b.  per 
sq.  ft,  wind,   (for  stability  only) 

(c)  Condition  1  is  considered  a  normal  operating  condition. 
For  conditions  2  and  3t  unit  stresses  25%  in  excess  of  those  for  condition 
1  may  be  used.  For  condition  4  unit  stresses  up  to  90^  of  the  elastic 
limit  of  the  materials  involved  are  allowed..  Condition  5  must  shovt  a 
factor  of  safety  against  overturning  of  at  least  2. 

(d)  The  allowable  unit  stresses  for  condition  1  conform  to  the 
American  In  jitute  of  Steel  Construction's  Specification  for  the  Design 

of  Structural  Steel  for  Buildings,  revised  193° »  except  that  all  stresses 
are  proportionately  reduced  in  the  ratio  of  l6,000  to  20,000  for  spill- 
way gate  operation.  For  diversion  gate  operation,  the  20,000  pound  per 
square  inch  base  may  be  used. 

(e)  Speed  of  operation  is  not  considered  of  prime  importance 
in  handling  the  gates,  hence  gantry  travel,  trolley  travel  and  hoisting 
speed  are  moderate.   The  speeds  adopted  are  as  follows: 

Gantry  travel  75  feet  per  minute 

Trolley  travel  15  feet  per  minute 

Main  Hoist  Speed  2  feet  per  minute 

Auxiliary  Hoist  Speed  I5  feet  per  minute 

8-02.   DESIGN 

(a)  Each  gantry  frame  is  rectangular  in  plan  with  the  trucks 
skewed  to  follow  the  curved  tracks.   The  portals  are  designed  as  rigid 
frames  hinged  at  the  rail  heads  and  the  side  frames  are  braced  diagonally » 
The  operator's  cab  and  access  ladders  are  located  on  the  downstream  side 
of  the  crane.  The  cab  is  designed  to  give  the  operator  a  plain  view 
of  the  runway  and  of  the  gate  as  it  enters  the  slot.  The  trolley  and 
track  are  completely  enclosed  by  a  sheet  steel  housing. 
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(b)  On  Crane  No.  1  only,  the  trolley  runway  and  housing  is  ex- 
tended upstream  in  order  to  reach  the  diversion  gates  with  the  main  hoist. 
This  crane  is  equipped  with  a  gasoline-electric  auxiliary  power  unit. 

(c)  The  cranes  were  designed  with  a  view  to  making  the  ex- 
terior appearance  as  pleasing  as  possible.  Long  horizontal  louvres  in  the 
trolley  housing,  curved  gusset  plates,  and  covers  over  the  gantry  trucks 
and  drive  motors  are  some  of  the  features  intended  to  improve  the  appearance 
of  the  structure. 

(d)  The  two  main  hoist  drums  are  mounted  on  a  single  trolley 
and  are  spaced  so  that  the  sheave  blocks  arc  directly  above  the  hooks  on  the 
gates  when  the  crane  is  centered  over  a  gate  opening.   The  auxiliary  hoist 
is  mounted  between  the  main  hoist  drums  and  is  equipped  with  a  single  crane 
hook.   The  main  hoist  sheave  blocks  are  connected  to  moving  cross  heads  in 

a  lifting  beam,  and  sv/inging  links  at  the  bottom  of  each  cross  head  engage 
the  lifting  hooks  on  the  gates.   The  lifting  beam  is  guided  by  the  rails  in 
the  gate  slots. 

(e)  All  motors  are  of  the  wound  rotor  type  and  are  equipped 
with  electric  shoe-type  brakes.   Each  gantry  truck  is  driven  by  an  individual 
motor  concealed  at  the  inner  end.   The  main  hoist  drums  are  driven  by  a 
single  motor  on  a  flexible-coupled  shaft. 

8-03.   OEERA.TION 

For  permanent  operation,  each  crane  is  used  to  lift  or  lower  the 
spillway  gates  under  full  water  load,  to  move  them  in  an  up-and-downstream 
direction  within  the  limits  of  the  trolley  travel,  to  transport  them  along 
the  curved  runway  over  the  spillway  and  north  bulkhead,  to  handle  the  re- 
movable fixed  hoists,  and  to  perform  miscellaneous  service  on  the  dam.  Crane 
No.  1  will  be  used  temporarily  for  raising  and  lowering  the  river  diversion 
gates  and  to  transport  them  along  the  face  of  the  dam  with  the  trolley 
stationary  on  the  cantilever  arm.   The  normal  power  take-off  for  both  cranes 
is  from  conductors  in  a  continuous  slot  in  the  upstream  side  of  the  spillway 
bridge. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SAULT  DAM 

SECTION  VIII  A 
FIXED  HOISTS 
8A-01..  LOADS,  UNIT  STRESSES  AND  SPEEDS.  - 

(a)  The  eighteen  fixed  hoists  for  operation  of  the  gates  in 
openings  21  to  38  inclusive  are  each  of  175  "ton  capacity  at  the  lower  sheave 
blocks. 

(b)  The  loading  conditions  considered  are; 

(1)  Dead  load  -  live  load  -  30^^).  per  square  foot  wind 
load  on  the  projected  area  of  hoist  and  towers. 

(2)  Dead  load  -  40  Ih.  per  square  foot  vdnd  load  on  the 
projected  area  of  hoist  and  towers. 

(3)  Dead  load  -  breakdown  torque  of  the  hoist  motor  act- 
ing through  one  drum. 

(c)  Because  the  hoists  may  be  operated  by  remote  control,  the 
allowable  unit  stresses  are  lower  than  those  for  the  gantry  cranes  under 
comparable  loading  conditions.   For  the  hoists,  the  unit  stresses  allowed 
for  both  Conditions  1  and  2  conforms  to  the  American  Institute  of  Steel  Con^ 
struction's  Specifications  for  the  Design  of  Structural  Steel  for  Buildings, 
Revised  193^$  except  that  all  stresses  are  proportionately  reduced  in  the 
ratio  of  l6,000  to  20,000.  For  Condition  3,  unit  stresses  up  to  80^  of  the 
elastic  limit  of  the  materials  involved  are  allowed. 

(d)  A  hoisting  speed  of  one  foot  per  minute  was  selected  in  or- 
der to  keep  impact  stresses  and  power  requirements  low.  A  single  gate  may 

be  opened  at  this  speed  in  about  27  minutes,  which  is  considered  satisfactory. 

8A-02.  DESIGN.  - 

(a)  The  hoists  consist  of  a  pair  of  plate  girders  supporting 
the  hoisting  machinery  and  resting  on  steel  towers  anchored  to  the  pier 
tops^  The  entire  hoist  unit  is  removable  from  the  towers  by  means  of  one 
of  the  spillway  gantry  cranes.   It  is  necessary  to  remove  the  hoist  from 
the  towers  in  order  to  remove  the  gate  from  the  slots. 

(b)  The  hoists  and  towers  are  completely  enclosed  by  sheet 
steel  with  details  arranged  to  make  the  appearance  of  the  structures 
harmonize  with  that  of  the  gantry  cranes. 

(c)  The  two  hoist  drums  are  driven  by  a  single  squirrel-cage 
motor  and  the  lower  sheave  blocks  are  connected  directly  to  the  lifting  hooks 
on  the  gates. 

8A-03.   OPERATION.  - 

In  case  of  shut-down  of  the  powerhouse  it  is  necessary  to  open 
spillway  gates  immediately.   Hence  the  control  for  the  hoist  motors  is  so 
arranged  that  any  hoist  may  be  operated  either  from  the  powerhouse  or  from 
a  control  penel  on  the  dam.   The  hoists  may  be  started  consecutively  at 
time  intervals  only  long  enough  for  the  starting  current  on  any  hoist 
motor  to  drop  to  normal  after  the  gate  is  in  motion.  Thus  all  18  gates 
may  be  opened  in  approximately  30  minutes. 
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ANAI.YSIS  OF  DESIGN  FOR  LOWS  SAULT  DAM 

SECTION  IX  -  DIVERSION  GATES  AND  APPURTENANCES 

9-01.  GENERAL.  -  Drawing  BD-I-30/I  shows  one  diversion  plan  which  in- 
volves the  temporary  use  of  I8  of  the  spillway  gates  during  diversion. 
The  concrete  pier  monoliths  are  to  be  carried  up  to  full  height  and  the 
deck  placed  so  that  one  gantry  crane  can  be  operated  over  the  south  end  of 
the  dam,  out  as  far  as  Pier  20.  Operating  slots  are  provided  in  the  pier 
nosings  and  the  overflow  section  is  shaped  to  permit  sealing  of  the  gate 
sills.  With  one  complete  gate  section  temporarily  attached  to  a  part  of  one 
of  the  18  split  gates  a  gate  can  be  formed  large  enough  to  cover  the  di- 
version opening.   These  gates  can  be  operated  to  permit  completion  of  the 
overflow  monoliths  without  adversely  affecting  navigation. 

These  eighteen  diversion  openings  can  take  care  of  the  entire 
flow  of  the  St.  Lawrence  River  during  the  construction  period  prior  to  the 
time  the  pool  is  to  be  raised.   During  diversion  the  pool  will  at  no 
time  be  raised  to  a  level  that  would  interfere  with  navigation. 

9-02.  LOADS  AND  UNIT  STRESSES.  -  The  gates  are  designed  for  nonnal 
operating  conditions  as  noted  in  paragraph  7.02.   When  the  gates  are  used 
for  diversion  the  allowable  stresses  will  be  increased  to  150%  of  those 
Allowed  for  condition  I,  paragraph  7.02,  or  80%  of  the  stresses  at  the 
yield  point  of  any  material.  The  allowable  wheel  load  will  be  increased 
to  275,000  pounds. 

9-03.  ALTERATIONS  TO  SPILU'fAY  GATES.  -  In  order  to  use  the  spill- 
way gates  for  diversion  it  is  necessary  to  build  a  seal  at  the  sides  and 
bottom  on  the  skin  plate  side.  This  seal  is  of  continuous  molded  rubber 
of  circular  section  backed  by  an  air  base  and  contained  in  a  slot  formed 
by  two  channels.  The  sealing  face  will  be  far  enough  from  the  skin 
plate  to  permit  placing  of  concrete  forms  between  the  face  of  the  dam 
and  the  gate. 

After  river  diversion  operations  are  complete  the  temporary 
seals  will  be  removed  and  the  gate  sections  uncoupled  for  use  on  the 
spillway. 

9-04»  OPERATION.  -  The  gates  will  be  operated  by  one  of  the  per- 
manent spillway  gantry  cranes  ?iiich  will  be  equipped  with  cantilever 
extensions  of  the  trolley  tracks  upstream.   In  operating  the  gates  for 
pool  regulation,  one  or  more  gates  at  a  time  are  to  be  sealed  and  down- 
stream bulkheads  placed  so  that  an  opening  can  be  de watered.  After 
fifteen  feet  of  concrete  has  Lten  placed,  the  gates  will  be  raised,  as 
described  above,  to  allow  passage  of  water  beneath  them  while  closure 
is  made  in  another  group  of  openings.  After  the  bottom  of  all  the  open- 
ings has  been  raised  in  this  manner  the  first  group  of  gates  will  be 
again  lowered  to  the  bottom  of  the  openings  and  another  fifteen  feet  of 
concrete  poured  behind  them.  This  procedure  will  be  carri"ed  on  until 
the  spillway  sections  in  the  diversion  openings  have  been  con5)leted.  The 
air  hose  back  of  each  seal  is  deflated 
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before  the  gate  is  moved  and  is  inflated  to  provide  sealing  pressure  after 
the  gate  is  in  pFace. 

Temporary  retractable  dogs  are  located  in  the  pier  noses  to  permit 
holding  the  gates  at  proper  elevations  for  pouring  concrete  and  for  passing 
the  flow  of  the  river  beneath  the  gates.  The  dogs  are  hand-ojwrated  from 
the  pier  tops. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SAULT  DAM 

SECTION  X  -  ELECTRICAL  DESIGN 

10-01.  PRIMARY  SYSTEM.  -  Power  is  available  from  the  Station  Service 
Bus  in  the  j)owerhouse,  approximately  4  miles  from  the  dam  load  center.  The 
bus  voltage  will  be  660OY.  and  as  this  is  a  good  voltage  in  this  case  for 
transmission,  it  was  chosen  in  the  interest  of  simplicity,  reliability,  and 
low  cost.  Two  double  circuit  lines  will  be  provided  in  order  to  safeguard 
continuity  of  service.   Wood  pole  lines  will  be  used,  low  sheltered  routes 
will  be  taken  as  much  as  possible,  overhead  ground  wires  will  be  provided, 
and  lightning  protection  in  general  will  be  given  special  consideration. 
Limiter  reactors  will  be  provided  at  the  connection  to  the  Station  Service 
Bus  in  the  powerhouse  so  that  faults  on  these  lines  will  have  comparatively 
small  adverse  effect  on  the  bus  service.  Surge  absorbers  will  be  provided 
to  protect  the  cable  and  equipment  at  the  dam  from  destruction  due  to  direct 
lightning  strikes  on  the  overhead  lines. 

10-02.  ELECTRICAL  SUBSTATION.  -  The  voltage  will  be  stepped  down  from 
6600  volts  to  460  volts  by  three  3^f  500  KVA  network  transformers  operating 
in  parallel  and  located  in  an  electricalbay  in  the  north  bulkhead  of  the 
dam.  The  added  cost  of  this  system  over  a  single  three  phase  150O  KVA  bank 
is  considered  justifiable  in  the  interest  of  reliability. 

10-03.   SECONDARY  NETWORK.  -  Due  to  the  large  number  of  diverse,  3^, 
480  volt  loads,  the  large  amount  of  power  involved,  the  reliability  required, 
and  the  fact  that  it  is  not  economical  to  use  extremely  large  conductors,  the 
secondary  network  is  at  the  same  time  the  most  reliable  and  economical  system 
of  distribution  in  this  particular  case.  By  the  use  of  a  network,  the  large 
current  carrying  capacity  in  the  cables  required  for  the  occasional  sumul- 
taneous  operation  of  the  eighteen  individual  operator  noist  gates  will  be 
used  to  advantage  to  keep  the  normal  voltage  regulation  and  power  loss  very 
low. 

10-04.   FIXED  HOISTS.  -  There  will  be  eighteen  gates  operated  by  fixed 
hoists.  These  hoists  will  be  operable  from  the  powerhouse  as  well  as  from 
the  deck  above  each  gate.  Each  hoist  will  have  a  single  high  torque  squirrel- 
cage  induction  motor  with  a  thrustor  type  brake.  Remote  indicating  gate 
position  indicators  will  be  provided  with  the  indicators  located  in  the  power- 
house . 

IO-05.  GANTRY  CRANES.  -  Each  of  the  two  gantry  cranes  will  have  a  wound 
rotor  induction  motor  for  hoisting,  four  motors  far  traveling,  a  trolley 
travel  motor,  and  anauxiliiry  hoist  motor,  all  wound  rotor  induction  motors. 
Interlocks  will  be  provided  to  limit  operation  to  one  motion  at  a  time,  so  that 
only  the  travel  motors  need  to  be  considered  where  power  requirements  are 
concerned,  since  they  make  up  the  large  load.  Power  will  be  collected  from 
a  three  phase  bus  located  in  a  recess  in  the  upstream  face  of  the  dam.  The 
collector  conductors  will  be  supplied  from  the  secondary  network  at  four  points. 
Sectionalizing  breakers  will  be  provided  between  each  connection  to  limit  /aults 
to  approximately  one  fourth  of  the  length  of  the  dam.  One  of  the  cranes  will 
be  provided  with  a  standby  gasoline  engine  generator  set. 

10-06.   GATE  HEATERS.  -  Each  of  the  40  gates  will  be  provided  with  eight 
4  KW,  3^,  star  connected  vertical  riser  heaters  to  keep  the  gate  guides  free 
of  ice.  50%   of  full  heat  will  be  obtainable  by  opening  one  leg  of  the  star 
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connected  heaters.  In  addition,  two  lOKW  heaters  will  be  provided  for  each 
of  the  eighteen  split  gates  to  free  the  seals.  All  heaters  will  operate 
on  i4.6o  volts,  and  power  will  be  taken  from  the  secondary  network. 

10-07.   MISCELLANEOUS  EQUIPMENT.  -  The  elevator,  sum  pumps,  and  air 
compressors  for  the  bubbler  system  will  operate  on  4^0  volts,  3^»  ^'^^   will 
be  supplied  from  the  secondary  network. 

10-08.  LIGHTS.  -  There  will  be  four  25  KVA,  480/I2O-24OV. ,  lighting 
transformers,  located^  to  keep  all  secondary  circuits  reasonably  short. 
Power  to  the  primaries  will  be  taken  from  the  secondary  network.   Each 
crane  will  be  provided  with  a  480/120-240  V,,  lighting  transformer,  for 
supplying  its  own  lighting  requirements  from  the  l^dO   V..,  3^  power  supply. 

(a)  Roadway  Lights.  -  100  Watt  roadray  balustrade  lights  will 
be  located  every  3^  feet  on  alternate  sides  of  the  roadway,  providing 
average  illumination  of  approximately  1/2  ft.-c.   These  lights  will  be  con- 
nected in  four  l_5-ampere,  3-wire  branch  circuits,  and  will  be  controlled 

by  means  of  magnetic  switches  and  an  automatic  time  switch. 

(b)  Interior  Lighting,  -  The  machine  shop,  electrical  bay, 
and  other  places  in  which  work  is  to  be  done  will  be  illimiinated  to  ap- 
proximately 10  ft.-c,  with  fluorescent  lights.   The  interior  of  the  pier- 
houses  and  guardhouses  will  be  illuminated  to  approximately  5  ft.-c. 

(c)  Display  Lighting.  -  Each  spillway  will  be  illuminated  by 
a  1000  Hatt  floodlight,  located  under  the  roadway,  halfway  between  piers. 
All  display  lights  will  be  controlled  together  from  a  central  point  by 
remotely  controlled  magnetic  switches. 

10-09.   INTER-COMMUNICATING- TELEPHONE  SYSTEM.  -  A  complete  inter-commu- 
nlcating  telephone  system  will  be  installed  to  provide  communication  be- 
tween several  stations  on  the  bridge  deck,  the  electrical  substation,  the 
gate  repair  bay,  and  the  powerhouses.  Stations  will  be  provided  at  every 
fourth  pier  with  howlers  to  attract  the  attention  of  the  cirane  operators. 

10-10.  SERVICE  BRIDGE.  -  A  bridge  will  be  provided  through-out  the 
length  of  the  dam  supported  from  the  underside  of  the  roadway.   It  will 
provide  support  for  and  access  to  electrical  conduits  and  other  equipment. 
Access  to  the  bridge  will  be  provided  from  the  north  bulkhead  and  the  south 
pier  house.   Hatches  at  •very  fourth  pier  will  provide  access  from  the 
roadway . 
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ANALYSIS  OF  DESIGN  FOR  LONG  SADLT  DAM 

SECTION  XI.  -  STABILITY 

11-01.   GENERAL.  -  Stability  of  the  various  sections  of  the  Long  Sault 
Dam  was  determined  by  the  application  of  loadings  due  to  cases  1  and  3  with 
uplift  pressxires  assumed  as  described  in  Section  II.  Each  foot  of  the 
spillway  section  is  in  itself  stable  but,  due  to  the  heavy  reactions  of  the 
gates,  the  pier  sections  were  computed  as  monoliths  20  feet  wide  (below  the 
spillway  crest.).  The  plan  of  diversion  permits  the  building  of  the  pier 
monoliths  to  20-foot  width  only  and  as  the  vertical  expansion  joints  effect 
a  complete  severance  of  the  monoliths,  except  for  the  doubtful  value  of  the 
tongue  and  groove  joints,  it  was  necessary  to  insure  complete  stability  for 
a  20-foot  pier  monolith,  not  only  during  construction,  but  after  the  com- 
pletion of  the  dam. 

11-02.  MONOLITHS.  -  One  diversion  plan  under  consideration  would  re- 
quire that  18  bays  at  the  south  end  of  the  dam  be  built  with  40-foot  spill- 
way monoliths  and  20-foot  pier  monoliths,  the  river  being  diverted  between 
the  piers,  which  would  support  temporary  bulkhead  gates,  operated  to  permit 
the  gradual  raising  of  the  spillway  monoliths.  Another  diversion  plan  would 
require  that  an  orifice  40  feet  wide  be  left  at  the  center  of  the  spillway 
monolith  in  eight  or  more  bays  at  the  south  end  of  the  dam.  Either  plan  would 
require  the  stability  analysis  of  the  dam  on  the  basis  of  40-foot  spillway 
and  20-foot  pier  monoliths  with  the  pier  monoliths  built  to  full  height 
initially  and  the  spillway  monoliths  brought  up  in  stage  to  final  crest 
elevation. 

11-03.  APPLICATION  OF  LOADING.  -  As  noted  under  Paragraph  2-06,  two 
possible  uplift  conditions  were  studied.  All  sections  of  the  monoliths 
were  checked  for  stability  at  various  elevations  for  both  conditions  and 
irtiere  gravitational  stability  was  lacking  it  was  detennined  that  the  small 
amount  of  tension  on  the  upstream  face  of  the  pier  and  spillway  monoliths 
could  be  taken  by  a  moderate  amount  of  steel  reinforcemefit. 

11-04.   SHAPE  OF  SPILLWAY.  -  The  shape  of  the  spillway  was  determined 
by  the  requirements  of  stability  in  the  upper  portion  of  that  monolith 
rather  than  by  optimum  hydraulic  shape  for  normal  pool  levels.  The  shape 
used,  as  outlined  by  XI.  82  =  32.53Y.  would  be  the  lower  boundary  of  the 
nappe  for  a  pool  elevation  of  25I.O.   However,  even  with  the  slightly  re- 
duced hydraulic  efficiency  of  the  crest  the  spillway  is  adequate  to  take 
care  of  all  river  flow,  as  a  slight  raise  in  pool  level  will  compensate 
for  the  small  loss  in  effectireness  of  the  spillway. 

II-O5.   STABILITY  DIAGRAMS.  -  This  report  includes  complete  computations 
for  the  stability  of  all  sections  of  the  dam  for  the  two  critical  loading 
conditions  and  for  both  the  two-thirds  uplift  and  alternatively  for  the  full 
tailwater  plus  50  percent  of  headwater  and  tailwater  differential  conditions. 
Plate  Nos.  XI-6,  XI-7.  XI -8,  XI -9,  and  XI- 10  show  loads  and  stresses  at 
various  elevations  for  the  full  tailwater  plus  50  percent  differential  up- 
lift for  all  typical  sections  of  the  dam.   Sketches  XI-1,  XT-2,  XI-3,  XI-4, 
and  XI-5  show  the  same  data  for  the  two-thirds  uplift  condition.   It  will 
be  noted  that  while  the  dam  is  stable  for  either  condition  of  uplift  the 
two-thirds  uplift  is  somewhat  the  laore  severe  condition.  As  all  stresses 
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are  low  this  fact  is  of  importance  only  in  determining  the  amount  and  position 
of  steel  reinforcement  within  the  pier  at  the  20-foot  pier  monoliths  (XT-6 
and  XI-!^.   It  will  also  be  noted  that  the  spillway  ogee  will  require  rein- 
forcement above  elevation  195  if  two-thirds  uplift  is  assumed.   These 
stability  diagrams  are  self-explanatory  and  they  make  clear  the  fact  that 
all  stresses  are  low  in  intensity  for  a  gravity  dam  on  a  sound  rock  foundation. 
The  buttressing  effect  of  the  downstream  rock  face  has  not  been  taken  into 
account,  but  it  would  undoubtedly  add  to  the  factor  of  safety  against  slid- 
ing.  This  factor  of  safety  based  on  shear-friction  alone  is  estimated  to 
lie  between  10  and  20,  varying  with  the  character  of  the  rock. 
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ANALYSIS  OF  DESIGN  FOR  LONG  SAULT  DAM 

SECTION  XII 

INVESTIGATIONS  OF  OVERBURDEN  AND  BEDROCK  FOR 
FOUNDATIONS  AND  EXCAVATIONS  AND  I.IATERIAIS  FOR 
©.©ATKI^EI^TS ,  C0FFERDAI4S,  AID  CONCRETE  AGGREGATES 

12-01,  FIELD  EXPLORATION  OF  OVERBURDEN  AND  BEDROCK  PRIOR  TO  OCTOBER  1940,- 
Prior  to  October  1940 f  the  Governments  of  Canada  and  the  United  States  and  various 
private  companies  made  investigations  in  the  vicinity  of  the  Long  Sault  Dam  site 
for  the  purpose  of  determining  the  overburden  and  rock  conditions.  Most  of  the 
field  exploration  was  of  a  preliminary  nature  for  the  purpose  of  studying  various 
plans  and  layouts  of  the  project  as  a  whole.  The  most  detailed  explorations 
were  made  in  I925-I926  by  the  Joint  Board  of  Engineers  on  St,  Lawrence  Waterways 
Project  at  a  site  upstream  a  few  thousand  feet  from  the  present  proposed  location 
of  the  dam.  The  exploration  consisted  of  drilling  holes  through  the  overburden 
by  wash  boring  method  and  into  the  bedrock  with  core  bits  and  the  sinking  of  two 
shafts  into  bedrock,  one  on  Barnhart  Island  and  one  on  Long  Sault  Island,  from 
which  horizontal  drilling  toward  the  channel  was  conducted.  Some  of  the  field 
logs  of  the  drilling  done  in  the  vicinity  of  the  site  prior  to  October  1940  are 
on  file  in  the  district  office.  The  location  of  all  drilling  prior  to  October 
1940  is  shown  on  Plate  XII- 1, 

12-02,  FIELD  EXPLORATION  OF  OVERBURDEN  AW   BEDROCK  SINCE  OCTOBER  I94O, 

(a)  General..  -  Overburden  and  bedrock  exploration  at  the  dam,  wing 
dama,  dike,  cofferdams  and  Cuts  "C,  "F",  AND  "G"  since  October  1940,  conducted 
by  the  U,  S,  Corps  of  Engineers  for  the  purpose  of  obtaining  information  for 
designs  included  extensive  geoloe^ical  reconnaissance,  drilling  in  overburden  and 
rock,  excavation  and  sampling  of  test  pits,  test  trenches  and  auger  holes,  and 
the  determination  of  bedrock  elevations  by  the  seismic  method.  The  location 
and  extent  of  the  exploration  at  the  sites  are  shown  on  Plate  XII-1,  Sheet  BD- 
1-1/5  of  the  contract  drawings  shows  the  location  of  all  exploration  except 
seismic.  Complete  reports  of  the  drill  holes,  test  pits,  and  test  trenches,  and 
the  notes  and  computations  of  the  seismic  investigations  are  on  file  in  the 
district  office.  Records  of  the  drilling  exploration  are  shown  on  sheets  BD- 
1-1/6,  1/7  and  1/8  of  the  contract  drawings.  All  soil  samples  and  rock  cores 
are  stored  in  the  district  soils  laboratory, 

(b)  Drill  Holes.  -  Holes  were  drilled  in  the  overburden  and  rock  with 
diamond  core  drilling  equipment  using  3i-inch  casing  in  overburden  and  2-1/8- 
inch  bit  to  obtain  bedrock  cores.  The  overburden  was  dry  sampled  using  a  2-inch 
sampling  tube.  Eighteen  of  the  holes  w^re  entirely  wash  bored  through  the 
overburden,  and  no  soil  samples  were  obtained.  In  the  other  22  holes  drilled, 
dry  sampling  to  obtain  soil  samples  was  attempted  at  approximately  6-foot  in- 
tervals or  at  changes  in  material,  and  wash  boring  between,  seunples  was  permitted, 
A  total  of  40  holes  was  drilled  at   the  sites  with  a  total  footage  of  1,436  feet 
in  overburden  and  1,915  feet  in  rock, 

(c)  Test  Pits.  -  Test  pits,  test  trenches,  and  auger  holes  were  ex- 
cavated and  sampled  to  determine  the  characteristics  of  the  overburden  in  the 
abutments  and  of  foundations  for  the  wing  dams   and  dike.  The  test  pits  were 
excavated  to  a  depth  of  approximately  6  feet,  and  whenever  possible,  auger 
boring  was  extended  below  this  depth.  In  general,  bag  and  jar  samples  and 
photographs  were  taken.  A  total  of  36  test  pits  and  6  test  trenches  was  excavated 
and  sampled.  Besides  test  pitting  and  trenching,  12  holes  were  augered  in  two 
foundation  areas  of  the  dike. 


(d)  Seismic  Investigations.. 

(1)  Seismic  investigations  were  conducted  in  the  vicinity  of  the 
dam  and  the  cuts  to  determine  the  location  of  bedrock  prior  to  drilling  and 
supplement  the  drill  hole  information.  The  work  was  done  under  the  direction 

of  A,  E.  Wood,  Associate  Geologist  of  the  Binghamton  District  and  E,  R,  Shepard, 
Senior  Physicist,  Office  of  the  Chief  of  Engineers.  The  method  developed  by- 
Mr,  Shepard  was  used  for  investigation  on  land  (for  brief  description,  see 
article  "The  Seismic  Method  of  Exploration  Applied  to  Construction  Projects" 
}xy  E.  R.  Shepard,  the  Military  Engineer,  September-October,  1939).  Special 
subaqueous  exploration  by  seismic  methods  was  conducted  at  the  chm  site  in  the 
river  channel  and  in  swift  water  where  drilling  would  be  expensive.  Mr, 
Shepard  adapted  the  conventional  seismic  methods  used  on  land  to  the  require- 
ments of  sub-aqueous  conditions  by  developing  special  apparatus  and  technique,. 
The  determinations  in  the  slow  or  moderately  swift  water  were  obtained  from 
a  line  laid  out  like  normal  lines  on  the  land.  The  detectors  were  placed  in 
a  cartridge  and  held  on  the  channel  bottom  with  special  equipment.  Observers 
on  shore  located  the  position  of  the  line.  In  the  rapids  where  it  was  im- 
possible to  satisfactorily  maneuver  boats  or  place  detectors,  a  different 
technique  was  devised.  A  single  d4tector  and  the  receiving  apparatus  were 
placed  on  the  shore  or  on  the  bar  in  the  river  (near  drill  hole  D-I364)  close 
to  the  region  to  be  explored  and  at  a  point  where  the  depth  and  velocity  ct 
wave  propagation  of  the  overburden  was  already  known  from  drilling 
records  or  seismic  tests.  The  explosive  charge  was  carried  into  the  rapids 
either  by  boat  or  by  use  of  a  float.  The  location  of  the  position  at  which 
the  charge  was  dropped  was  determined  by  two  observers  with  transits  on  the 
shore • 

(2)  A  total  of  16  lines  were  fired  on  land  at  the  dam  site  and 
at  Cuts  "C*  and  "G* ,  Twelve  determinations  were  made  at  locations  in  the 
river  channel.  Twenty- three  lines  were  fired  in  the  vicinity  of  Cut  "F" , 

The  results  of  the  lines  shot  on  land  are  considered  within  the  usual  accuracy 
obtained  by  seismic  methods  since  no  difficulties  were  encountered.  The 
results  of  some  lines  fired  were  inaccurate  due  to  frost  conditions,  and  there- 
fore, the  positions  are  not  shown  on  Plate  XII-I,  The  results  of  the  line 
shot  in  water  (S414)  are  considered  generally  comparable  in  accuracy  to  the 
land  determinations.  The  results  of  the  seismic  work  in  swift  water  where 
single  shots  (SS415  to  SS418  and  SS3674  to  SS368O)  were  fired  are  considered 
approximate  due  to  the  difficulty  in  obtaining  the  position  of  the  charge, 
lack  of  accurate  sounding  data  and  the  assumption  that  the  overburden  is  uni- 
form. The  exact  position  of  the  charge  was  difficult  to  determine  due  to 
the  water  transporting  the  charge.  An  error  of  3»4  feet  in  the  measurement  of 
the  shooting  distance  with  a  velocity  ratio  of  I7OOO/500O  results  in  a  1-foot 
error  in  the  depth  to  rock,.  To  compute  the  elevation  of  the  rock  surface,  it  was 
necessary  to  use  sounding  data  from  previous  surveys,  A  complete  detailed 
report  of  the  seismic  investigations  conducted  for  the  St,  Lawrence  River 
Project  will  be  placed  on  file  in  the  district  office, 

12-03.  EXPLORATION  OF  MATERIALS  FOR  THE  EMBANKMENTS,  COFFERDAMS,  AND 
CONCRETE  AGGREGATES. 

(a;  Earth  and  Rock  Fill.  -  The  exploration  described  in  paragraph 
12-02  for  the  overburden  and  bedrock  served  in  part  to  locate  suitable  earth 
<nd  rock  fill  materials  for  the  wind  dams,  dike,  cofferdams  and  for  tie  Ireat- 
ment  of  the  abutments.  The  overburden  exploration  was  supplemented  by  the 
excavation  and  sampling  of  I3  test  pits  in  a  manner  as  described  in  paragraph 


12-02  (c).  Since  suitable  earth  fill  material  is  available  in  the  vicinity  of 
the  wing  dams,  dike,  and  from  the  excavation  of  cuts,  and  suitable  rock  is  available 
fran  the  lequired  excavation,  an  extensive  program  of  exploration  was  not  r  e- 
quired.  The  borrow  areas  for  the  embankments  are  shown  on  Plate  XII-I  which 
contain  suitable  materials  were  located  due  to  their  respective  positions  to 
the  structures.  These  areas  are  considerably  larger  than  required,  and  it  is 
planned  to  make  further  explorations  within  each  area  to  determine  which 
sections  contain  the  most  suitable  materials.  Rock  is  also  available  from  out 
cropping  deposits  in  the  north  channel  on  the  north  side  of  Barnhart  Island* 
No  exploration  was  conducted  at  this  location  because  surface  indications 
show  that  it  is  of  the  same  formation  as  the  rock  at  the  dam  site, 

(b)  Sand  and  Gravel  Filter  and  Backing.  -  Exploration  was  conducted 
to  locate  deposits  of  suitable  material  for  the  sand  and  gravel  filters  and 
backing  of  the  embankments.  It  is  believed  that  allaeposits  within  a  radius 
of  15  miles  of  the  site  have  been  located.  The  most  feasible  deposits  were 
sampled  and  tested  to  determine  the  gradation  of  the  material,  A  complete 
report  of  these  investigations  will  be  placed  on  file  in  the  district  office, 

(c)  'Concrete  Aggregates.  -  Exploration  to  locate  suitable  sources 
of  concrete  aggregates  are  being  conducted.  It  is  planned  that  the  explora- 
tions will  be  completed  so  that  information  will  be  available  prior  to  letting 
of  the  contract.  Many  deposits  of  sand  andgravel  within  a  radius  of  23  miles 
of  the  site  have  been  sampled  and  representative  samples  have  been  tested 

in  the  Central  Concrete  Laboratory,  West  Point,  New  York,  to  determine  the 
suitability  of  the  materials  for  concrete  aggregates,.  The  most  promising 
rock  quarries  in  the  vicinity  have  been  sampled  and  the  materials  tested  in 
the  Central  Concrete  Laboratory,  The  bedrock  exposed  along  the  north  shore 
of  Barnhart  Island  and  that  which  will  be  excavated  at  the  dam  site  is  not 
considered  suitable  for  concrete  aggregate.  Studies  are  being  made  to  deter- 
mine if  suitable  stone  sand  can  be  produced  from  rock  available  from  local 
quarries  for  fine  concrete  aggregate.  Natural  deposits  of  sand  or  sand  and 
gravel  are  being  explored  which  are  outside  of  a  25-mile  radius  and  are  near 
a  railroad  or  near  the  St,  Lawrence  River,  Complete  report  of  all  investi- 
gations will  be  placed  on  file  at  the  district  office, 

12-04.  LABORATORY  TESTS  ON  SOILS, 

(a)  Soil  Tests.  -  Due  to  the  type  of  overburden  materials  in  the 
foundations  and  excavation  areas,  materials  available  for  embankment  con- 
struction, and  the  size  of  the  earth  embankments,  an  extensive  program  of  soil 
testing  was  not  made.  Ail  soil  samples  were  classified  using  the  M,  I,  T, 
scale  of  classification  and  recorded  in  a  final  report  of  each  hole.  The  grain 
size  distributions  of  a  sufficient  number  of  samples  were  determined  by  the 
usual  sieve  and  hydrometer  methods  to  serve  as  a  guide  in  the  classification 
of  ail  samples.  General  geological  descriptions  of  the  overburden  at  each  drill 
hole  were  prepared  after  studying  the  laboratory  classifications  and  the  field 
logs  shown  on  Plate  XII-2,  Moisture  contents  were  determined  on  50  samples 
of  till  and  clay  taken  from  drill  holes  in  the  vicinity  of  the  sites.  No 
moisture  content  determinations  were  deemed  necessary  for  the  other  materials 
since  the  natural  moisture  contents  vary  appreciably  with  climatic  conditions. 
No  specific  gravity,  natural  (fens ity  deteminations,  shear  or  permeability  tests 
were  made. 
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12-03.  FIELD  AND  LABORATORY  TESTS  ON  ROCK. 

(a)  General,  -  To  determine  the  quality  and  character  of  the  bedrock, 
field  testa  were  conducted  at  some  of  the  d'ill  holes.  Cores  obtained  were 
classified  in  detail  by  visual  inspection,  and  laboratory  tests  were  performed 
on  selected  samples.  The  laboratory  testing  program  was  made  in  conjunction 
with  the  program  for  the  powerhouse.  The  proposed  powerhouse  site  is  located 
at  the  downstream  end  of  Barnhard  Island  approximately  4  miles  downstream  from 
the  Long  Sault  Dam  site.  The  bedrock  at  each  site  is  of  the  same  origin  and 
composition  and,  therefore,  samples  for  laboratory  tests  were  selected  re- 
gardless of  the  site  to  obtain  the  most  suitable  specimens  for  test  and  the 
most  representative  of  the  various  beds  in  the  rock  formations.  The  test  re- 
sults on  samples  from  one  site  are  considered  valid  for  both  sites, 

(b)  Pressure  Tests.  -  During  the  current  field  investigations,  pres- 
sure tests,  using  standard  pressure  pumping  equipment,  were  conducted  in  the 
bedrock  in  the  yicinity  of  the  site  at  11  of  the  13  drill  holes  which  extended 
40  or  more  feet  into  the  rock.  At  drill  holes  D-10G2  and  D-1004  which  were 
drilled  100  feet  into  rock,  no  pressure  tests  were  conducted.  The  data  of  the 
tests  are  recorded  in  the  report  of  each  hole  on  file  in  the  district  office 
and  the  results  are  shown  graphically  on  Plate  XII-3.  Difficulties  were  en- 
countered during  most  of  the  tests  due  to  extremely  cold  weather.  Leakage  in 
these  tests  was  apparently  confined  to  seepage  along  natural  bedding  planes 
and  joint  cracks  in  the  rock,. 

(c)  Classification.  -  The  rock  cores  obtained  from  drill  holes  were 
classified  by  a  geologist.  The  condition  of  the  bedrock  was  determined  by  an 
interpretation  of  the  field  logs  and  pressure  test  data  and  visual  examination 
of  the  cores.  Detailed  and  general  classifications  a^e  recorded  in  the  final 
report  of  each  drill  hole.  The  general  classifications  are  shown  on  sheets 
BD-1-1/6,  1/7,  and  1/8  of  the  contract  drawings, 

(d)  Shear  Tests. 

(1)  Tests  were  made  in  the  Binghamton  District  laboratory  on 
core  drill  sampled  to  determine  the  shearing  strength  of  the  vaxious  xOcks 
wnii^n  occur  in  the  foundation.  Three  types  of  shear  tests  were  performed, 
namely  direct  shear  for  breaking  and  sliding,  double  shear  with  and  without 
axial  loading  and  compression  tests.  Testing  in  the  direct  shear  machines  was 
limited  to  shale  specimens.  In  the  testing  procedure  each  sample  was  firmly 
set  in  plaster  of  paris  in  the  upper  and  lower  housings  of  the  shear  box  and 
tested  in  shear  at  various  normal  loads.  It  was  possible  to  break  several 
specimens  of  one  class  of  shale  and  thus  determine  the  cohesion,  but  in  most 
instances,  the  specimens  were  intentionally  fractured  along  a  bedding  plane 
prior  to  testing  so  that  actually  a  sliding  test  was  conducted.  All  tests  were 
run  submerged.  In  perparing  specimens  for  the  compression  test,  a  2  to  1  ratio 
of  length  to  diameter  was  adopted.  The  ends  were  capped  with  "Hydrolite"  and 
then  faced  off  in  a  lathe.  The  rate  of  loading  in  the  Universal  testing  machine 
was  approximately  2,000  lbs,,  per  minute.  A  description  of  the  double  direct 
shear  tests  is  omitted  since  the  accessory  equipment  did  not  function  satis- 
factorily and  the  results  are  not  considered  valid, 

(2)  The  results  of  the  compressive  strength  tests  are  as  follows! 

Compressive 
Material      Site  Hole   Elevation     Strength  p..  s.  i.. 

Shale  Long  Sault  Dam  D-1016  124,0  7900 

Shale  Long  Sault  Dam  D-1016  ^6,3  6950 

Dolomite  Long  Sault  Dam  D-Lp57  148.7  7100 

Dolomite  Powerhouse  D-IO37  95,2  9300 

Limestone  Long- Sault  Dam  D-1016  I36.O  3750 


TO_(. 


Material      Site  Hole  Elevation 

Limestone  Long  Sault  Dam  D-IOI6  I36.O 

Limestone  Powerhouse  D-IO24  111.7 

Sandstone  Powerhouse  D-IO26  84.1 


Compressive 
Strength  p>  s.  i. 

7450 

4930 

13200 


The  results  are  somewhat  erratic,  due  in  several  instances  to  the  variation  in 
structure  and  composition  of  the  specimens  and  the  fact  that  irregularities  in 
the  relatively  small  specimens  (2-1/8  inches  in  diameter)  influenced  the  type 
of  failure.  Fracturing  of  the  samples  was  in  general  quite  irregular,  occurring 
in  vertical  cracks  and  inclined  at  varying  angels  to  the  axis  and  occasionally 
along  joint  planes.  However,  the  direct  shear  tests  on  shale  indicated  fairly 
consistent  results.  From  one  set  of  specimens,  obtained  at  elevation  126  from 
Drill  Hole  D-IOI6,  a  friction  angle  of  23.3  degrees  was  indicated  with  a  cohesion 
of  0,8  tons  per  square  foot.  It  was  possible  to  break  only  one  shale  specimen 
of  another  set  obtained  at  elevation  98  from  drill  hole  D-IOI6,  in  the  direct 
shear  machine,  which  indicated  a  high  cohesion  value.  The  material  of  this  set 
also  had  a  high  value  of  maximum  sliding  shear  due  to  interlocking  on  the  sliding 
plane  and  an  ultimate  sliding  shear  friction  angle  of  3I  degrees, 

(e)  Freezing  and  Thawing  Tests..-  Specimens  of  shale,  dolomite, 
limestone  and  sandstone  were  taken  from  the  following  holes  and  subjected  to  9 
cycles  of  freezing  and  thawing: 


Ifeterial 

Sandstone 

Shale 

Dolomite 


Site 


Hole 


Powerhouse  D-IO26 
New  Cornwall  Canal  D-1122 
Powerhouse        D-IO26 


Limestone   Powerhouse 


Depth 

81.2-81^ 
43.3-43.6 
60.4-60,7 
D-1028   31.9-32.1 


Elevation 

80  ..8 
133.0 
102.1 
109  a 


The  tests  were  conducted  during  the  winter,  A  cycle  consisted  of  freezing  the 
specimen  in  water  outdoors  for  a  period  of  eixteen  hours  followed  by  thawing 
at  a  temperature  of  approximately  22  degrees  Centigrade  for  a  period  of  8  hours. 
The  condition  of  the  specimens  before  testing  and  after  nine  cycles  are  shown 
by  the  photographs  on  Plate  XII-4.  The  dolomite,  limestone,  and  sandstone 
showed  little  or  no  effect  from  the  tests.  The  shale,  however,  broke  into 
numerous  thin  discs,  wafers  and  small  flakes.  These  breaks  all  occurred  along 
bedding  planes  in  the  shale, and  there  was  no  tendency  of  the  rock  to  break 
down  to  its  original  silt  and  clay.  The  tests  were  discontinued  only  when 
weather  conditions  did  not  allow  freezing  outdoors  at  ni^ht, 
(f)  giaK4n^  Tggts. 

(1)  Specimens  of  shale,  dolomite,  limestone,  and  sandstone 
taken  from  the  following  locations  were  used  for  initial  slaking  tests: 


Test 

Material 
Sandstone 

Site 
Powerhouse 

Hole 
D-1026 

Denth 
79*2-79^ 

Elevation 

Oven  dry 

82,8 

Oven  dry 

Shale 

Powerhouse 

D-1028 

56.6-36,9 

104.4 

Oven  dry 

Dolomite 

Powerhouse 

D-1026 

93^-93.8 

166^ 

Oven  dry 

Limestone 

Powerhouse 

D-1027 

38.0-38.2 

132.9 

Air  dry 

Sandstone 

Powerhouse 

D-1026 

79.0-79.2 

83.0 

Air  dry 

Shale 

Powerhouse 

D-1028 

36,2-36,4 

104.8 

Air  dry 

Dolomite 

Powerhouse 

D-1026 

91.7-91.9 

70.3 

Air  dry 

Limestone 

Powerhouse 

D-1027 

30,2-30,4 

130.7 

Each  specimen  was  subjected  to  eleven  cycles  of  wetting  and  drying,  A  cycle  con- 
sisted of  soaking  the  specimen  in  distilled  water  for  a  period  of  three  days 
fallowed  by  drying  the  specimen  for  a  period  of  four  days.  One  set  of  specimens 
was  air  dried  at  approximately  22  degrees  Centigrade,  while  the  other  set  of 
specimens  was  oven  dried  at  approximately  105  degrees  Centigrade.  The  condition 
of  the  specimens  prior  to  testing  and  after  2  and  eleven  cycles  are  shown  on 
Plates  XII-3  to  XII-7,  inclusive, 

(2)  During  the  initial  tests,  the  shale  broke  down  into  numerous 
wafers.  Therefore,  a  second  series  of  tests  was  started  using  specimens  of 
shale  taken  from  the  following  locations  to  determine  if  various  beds  of  shale 
had  the  same  characteristics. 

Test         Site  Hole        Depth  Elevation 

Oven  dry  Long  Sault  Dam  D-IOI9  38 .4-38 ,.6  134.1 

Oven  dry  Long  Sault  Dam  D-IOI6  85J|-85,6  8a  3 

Air  dry  Long  Sault  Dam  D-IOI9  36»6-38»7  I33 .9 

Air  dry  Long  Sault  Dam  D-IOI6  85»6-85.8  88,1 

The  condition  of  specimens  prior  to  testing  and  after  2,  11,  and  I3  cycles  are 
shown  by  the  photographs  on  Plates  XII-8  and  XII— 9,  inclusive, 

(3)  During  the  tests,  the  dolomite,  limestone,  and  sandstone  were  not 
greatly  affected.  The  shale,  however,  as  in  freezing  and  thawing  tests,  broke 
down  into  nuiaerous  wafers  and  flakes.  There  was  no  tendency  to  break  down  to 
its  original  silt  and  clay.  In  the  same  number  of  cycles,  the  shale  subjected 
to  oven  drying  broke  down  more  than  that  subjected  t6   air  drying.  The  second 
series  of  tests  indicated  that  the  shales  from  the  several  beds  selected  ap- 
psirently  broke  down  at  about  the  same  rate  and  to  .the  same  extent, 

(g)  Solubility  Test  on  Dolomite.  Limestone  and  Sandstone. 

(1)  Solubility  tests  were  conducted  to  determine  the  solubility  of 
dolomite,  limestone,  and  sandstone.  No  tests  were  performed  on  samples  of  shale 
since  it  was  evident  from  slaking  tests  that  valid  measurements  could  not  be 
made.  The  samples  which  are  considered  representative  were  chosen  from  these 
tests  and  were  taken  from  the  following  locations: 

Material         Site  Hole         Depth         Elevation 

Sandstone     Long  Sault  Dam    D-IO60        53*0  1.54.6 

Dolomite      Long  Sault  Dam    D-I004        87.0  93,0 

Limestone     Long  Sault  Dam    D-IOO6        40,0  133.4 

The  procedure  consisted  of  immersing  each  sample  in  St,  Lawrence  River  water  for 
a  period  of  6  days  and  on  each  7th  day  the  sample  was  oven  dried  at  a  temperature 
of  110  degrees  Centigrade  for  a  period  of  I6  hours,  cooled  in  a  desiccator  and 
weighed.  The  3  samples  were  immersed  in  1  storage  jar  containing  700  c.c,  of 
water  which  was  changed  daily.  Preliminary  test  were  made  to  establish  the 
procedure  for  drying.  It  was  found  that  consistent  results  could  not  be  obtained 
by  drying  the  sample  in  air  and  that  when  the  sample  was  dried  in  the  oven  for 
more  than  I6  hours,  the  weight  did  not  change, 

(2)  The  samples  had  the  following  apparent  specific  gravity,  initial 
weights  and  surface  areas  prior  to  the  starting  of  the  final  tests: 

Limestone        Dolomite     Sandstone 

Initial  dry  weight  in  grams  569 .I3  547  J;8      425,38 

Approximate  surface  area  in  sq,  cm,     201,6  192,0       l62,0 

Apparent  specific  gravity  .  2,7  2.8         2,7 
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The  results  obtained  are  as  follows: 


Weighing  No. 

1 
2 

3 

k 

5 
6 

7 
8 

9 

10 
11 
12 

13 

14 
Total  grams 
dissolved  in 
84  flays 

Average  grams  dissolved 
per  6  day  period  G.ll^ 


Grams  dissolved  per  6  day  period 


Limestone 

Dolomite 

Sandstone 

.11 

►  17 

.06 

.10 

.03 

.02 

.00 

.01 

,00 

.10 

.15 

.03 

.20 

.18 

.06 

.03 

.11 

.01 

.14 

.13 

.09 

.13 

.12 

►01 

.12 

.13 

»10 

.29 

.01 

.02 

.08 

.02 

.03 

.13 

.15 

.07 

.08 

.11 

.01 

.mOI 

^ 

.01 

i.6o 


1.32 


0.094 


oM 


0.033 


The  above  tabulation  shows  that  the  quantity  disolved  during  each  6  day  period 
was  not  constant  or  uniformly  varying.  The  large  variation  in  some  cases  was  due 
to  the  formation  of  fresh  cracks  as  determined  by  study  of  the  photographs  and 
notes,  Plate  XII-10  is  a  photograph  showing  the  initial  and  final  conditions  of 
the  samples, 

(3)  The  procedure  used  in  the  tests  did  not  produce  the  conditions 
which  exist  in  nature  and  therefore  the  results  of  the  tests  must  not  be  con- 
sidered as  valid  for  natural  conditions.  The  main  variation  from  the  natural 
conditions  were  (1)  the  water  was  not  under  pressure,  (2)  the  samples  were  oven 
dried  after  each  6  days  of  inmersion,  and  (3)  the  water  was  obtained  from  the 
river  surface.  However,  the  results  indicate  that  if  St.  Lawrence  River  water 
flows  very  slowly  over  fresh  surfaces  of  limestone,  dolomite,  and  sandstone,  in 
a  period  of  3  months,  approximately  7,4,  6, '4.,  and  2.6  grams  respectively  will 
dissolve  from  each  square  foot  of  surface.  It  is  believed  that  these  results  are 
sufficiently  accurate  for  the  problem  involved  and  more  refined  tests  are  not 
required.  The  depths  to  which  the  three  types  of  bedrock  will  dissolve  in  the 
same  period  cannot  be  determined  since  it  is  believed  that  part  of  the  consti- 
tuents of  each  type  dissolves  faster  than  others.  However,  assuming  that  all 
constituents  do  dissolve  at  the  same  rate,  the  corresponding  dissolved  depths  in 
the  first  3  months  for  the  limestone,  dolomite  and  sandstone  would  be  approxi- 
mately .0012,  .0010,  and  ,0004  inches,  respectively, 

(h)  Solubility  Tests  on  Gypsum.  -  No  solubility  tests  were  made  on 
specimens  of  gypsum  from  the  bedrock  at  the  dam  site.  Test  have  been  made  on 
specimens  obtained  from  the  powerhouse  foundation  which  show  that  the  gypsum  is 
very  soluble.  These  tests  are  dsscribed  in  detail  in  a  report  describing  the 
inve3ti£:ation3  at  the  powerhouse  site  on  file  in  this  district  office.  The 
only  gypsum  encountered  during  the  drilling  at  the  dam  site  was  a  4  foot  bed 
at  elevation  -15  which  is  approximately  I65  feet  below  the  general  bedrock 


surface.  If  gypsum  occurs  at  higher  elevations  as  may  be  determined  by  future 
exploration,  the  gypsum,  as  indicated  by  the  tests  for  the  powerhouse  investi- 
gations, may  be  considered  very  soluble  and  the  proper  treatment  must  be  under- 
taken to  produce  a  satisfactory  foundation, 

12-06.  RECOMTvENDED  FUTURE  INVESTIGATIONS,  - 

(a)  General .  -  Additional  investigations  should  be  conducted  prior 
to  and  during  construction  to  detennine  the  overburden  and  rock  conditions  at 
the  sites  of  the  dam  and  upper  cofferdams,  and  to  locate  the  most  suitable 
materials  within  the  borrow  areas.  Drilling  should  be  conducted  to  a  depth 
required  to  locate  the  position  of  the  4  foot  gypsum  bed  under  the  dam  and  to 
determine  if  any  gypsum  occurs  at  the  upper  zones.  Drilling  should  be  con- 
ducted in  the  channel  at  the  upper  cofferdam  to  determine  the  overburden 
conditions  and  in  the  east  side  of  the  channel  at  the  dam  site  to  determine 
the  elevation  of  bedrock.  Test  pits  should  be  excavated  within  the  proposed 
borrow  areas  to  determine  the  variation  of  the  soil  condition  and  to  locate 
the  material  most  suitable  for  embankment  and  cofferdam  construction,. 


DESIGN  ANALYSIS:   LONG  SAULT  DAM 

SECTION  XIII 
DESIGN  OF  WING  DAMS,  DIKE  AND  FOUNDATION  FOR  THE  DAM 

13-01.  GENERAL.  -  The  design  of  the  wind  dam,  dike  and  dam  foundation 
involved  a  study  of  the  foundation  conditions  and  characteristics,  a  study  of 
the  characteristics  of  the  available  embankment  materials,  the  choice  of  a 
section  which  will  utilize  economically  the  available  embankment  materials 
and  will  be  safe  under  any  conditions.  The  methods  and  the  extent  of  the  in- 
vestigations to  determine  the  characteristics  of  the  foundation  and  embankment 
materials  have  been  described  in  Section  XII,  This  section  includes  a  des- 
cription of  the  results  of  those  investigations  which  are  pertinent  to  the 
design  and  a  discussion  of  the  choice,  economy,  and  design  of  the  wind  dams 
and  dike  and  a  discussion  of  the  foundation  treatment  for  the  dam, 

13-02.  GEOLOGICAL  FEATURES  AND  CHARACTERISTICS  OF  FOUNDATION  MATERIALS. 

(a)  Description  of  Site.  -  The  dam  site  is  located  across  the  south 
channel  of  the  St,  Lawrence  River  and  extends  from  the  New  York  State  Mainland 
to  Barnhart  Island  near  the  downstream  end  of  Long  Sault  Island  and  the  foot  of 
the  Long  Sault  Rapids,  No  bedrock  outcrops  occur  at  the  site  and  the  river  is 
entirely  controJled  by  glacial  drift,  Althoiogh  little  data  is  available, 
soundings  indicate  that  a  bedrock  valley  exists  under  the  north  end  of  the  pro- 
posed dam.  This  valley  is  paitially  filled  with  glacial  till.  A  boulder  pave- 
ment is  believed  to  occur  on  the  bed  of  the  river.  Hills  composed  almost 
entirely  of  glacial  till  rise  above  the  river  to  form  both  abutements.  The 
earth  wing  dama  and  dike  extend  from  the  dam  on  these  till  hills, 

(b)  Bedrock. 

(1)  The  bedrock  at  the  site,  as  shown  by  cores  recovered  from 
drilling.  Id  dolomite  interbedded  with  thin  strata  of  limestone,  sandstone  and 
shale.  The  general  rock  classifications  at  each  drill  hole  a:e  shown  on  sheets 
(File  Nos,.  BD-1-1/6,  1/7  and  1/8)  of  the  contract  drawings.  More  detailed 
classifications  are  given  in  the  reports  for  each  drill  hole  on  file  in  the 
district  office.   The  strata  of  limestone  and  sandstone  vary  in  thickness  from 
2  inches  to  10  feet.  The  shale  beds  are  from  2  inches  to  6  feet  thick.  Near 
the  right  abutment  there  is  one  shale  bed  at  about  elevation  I30,  which  is 
approximately  6  feet  thick,  but  most  of  the  shale  beds  are  less  than  6"  thick. 
One  bed  of  gypsum,  approximately  k   feet  thick,  was  found  in  drill  hole  D-1059 

at  elevation  -I5,  corresponding  to  a  depth  of  I65 '  below  the  general  bedrock 
surface.  This  was  the  only  occurence  of  gypsum  found  in  the  vicinity  of  the 
site.  However,  gypsum  may  occur  at  higher  elevations  as  thin  films  and  veins 
in  joints,  bedding  planes  and  fractures,  as  local  disseminated  deposits  in  the 
dolomite  and  in  very  thin  beds  similar  to  the  occurrence  at  the  powerhouse  site 
which  is  located  on  the  same  bedrock  formation,.  A  similar  and  apparently  the 
same  k   foot  bed  of  gypsum  encountered  at  the  Long  Sault  Dam  also  occurs  at  the 
powerhouse  site  located  4  miles  downstream  at  elevation  -15.  which  indicates 
that  this  bed  may  be  persistent  throughout  the  region, 

(2)  The  upper  stra'ta  at  the  site  were  deposited  as  part  of  the 
Chazy  formation  as  determined  by  characteristic  fossils  found  in  the  rock  cores 
and  in  the  outcrops  along  the  north  shore  of  Barnhart  Island.  In  the  rock  core 
obtained  at  elevation  96  in  drill  hole  D-1059,  there  is  a  disconformity  which 
indicates  an  erosion  interval  and,  therefore,  the  lowest  strata  at  the  site 
are  of  a  different  age  than  the  upper  strata.  The  lower  strata  may  be  part  of 
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the  lower  Chazy  or  the  Beetanantown  formations,  which  are  both  lower  Ordovician 
in  age,  A  similar  and  in  fact  apparently  the  same  disconfonnity  was  found  at 
elevation  113.9  in  drill  hole  D-II3I  at  the  powerhouse  site  which  is  known 
to  be  fairly  close  to  the  contact  oetween  tne  Chazy  ana  tne  Beekmantown  for- 
aations,.  The  Beekmantown  formation  is  known  to  occur  at  the  bedrock  surface 
4  miles  south  and  4  miles  east  of  the  Aun  site,.  The  4-foot  bed  of  gypsum  ia 
believed  to  have  been  deposited  in  a  shallow  salt  lake  in  a  region  of  semi- 
arid  climate* 

(3)  Fedrock  contours  drawn  from  the  information  obtained  from 
drilling  and  seismic  investigations  are  shown  on  Plate  XII-1,  No  information 
is  available  as  regards  the  depth  to  rock  in  the  center  of  the  main  channel 
at  *he  dam  site.  Soundings  of  the  channel  bottom  below  the  site,  however, 
appear  to  indicate  a  rock  draw  and  the  bedrock  contours  have  been  drawn  to 
show  this  condition.  The  contours  have  been  extended  beyond  areas  of  exten- 
sive exploration  to  show  the  general  trend  of  the  rock  surface.  The  bedrock 
contours  in  the  inmediate  vicinity  of  the  cuts  and  structure  foundations 
where  exploratory  data  is  available  are  considered  sufficiently  accurate  for 
design  purposes.  The  validity  of  the  contours  outside  these  areas  may  be 
evaluated  from  the  intensity  of  the  exploration.  The  present  configviration  of 
the  rock  surface  is  the  result  of  preglacial  erosion,. 

(4)  The  rock  is  generally  sound,  hard  and  unweathered.  The 
bedding  is  nearly  horizontal  as  determined  by  examination  of  the  rock  coires  and 
outcrops  on  the  north  side  of  Barnhart  Island,  The  bedrock  is  intersected  by 
several  joint  systems,  apparently  haphazard  in  pattern,  A  study  of  the  drill 
hole  field  logs,  visual  examination  of  the  rock  cores,  and  the  lesult  of  pres- 
sure pumping  tests  show  that  no  large  cavities  or  open  fissures  exist  in  the 
rock  in  the  areas  where  exploratory  data  is  available.  The  condition  of  the 
bedrock  in  the  stream  channel  is  not  known,  but  it  is  believed  to  be  the  same 
as  near  the  abutments  if  no  fault  zones  exist, 

(5)  The  limestone,  dolomite,  and  sandstone  in  the  foundation 
are  structurally  sound,  but  slightly  soluble,  as  determined  by  the  tests 
described  in  paragraph  12-05(g),  The  shale  which  occurs  is  hard  and  will  not 
break  down  to  its  original  silt  or  clay  when  subjected  to  weathering  agencies. 
However,  the  shale  will  break  into  thin,  flat  fragments.  The  shearing  strengths 
of  rock  in  the  foundation  are  indicated  by  the  results  given  in  paragraph  12-05 
(d).  The  gypsum  is  very  soluble  as  determined  by  tests  for  the  powerhouse 
investigations , 

(c)  Overburden,  -  The  overburden  on  both  abutments,  in  the  river 
channel  and  in  the  dike  foundation  area  is  glacial  till  except  for  the  super- 
ficial deposits  of  boulders,  marine  clay  and  beach  material  which  occurs  on  the 
surface  in  some  areas.  The  glacial  till  is  compact,  relatively  impervious  and 
unstratified.  No  lenses  or  beds  of  pervious  material  occur  in  the  till.  The 
classification  of  the  overburden  at  each  drill  hole  is  shown  on  sheets  (File 
Nos,  BD-1-1/6,  1/7,  and  1/6)  of  the  contract  drawings.  The  overburden  in  the 
south  abutment  is  a  \Bry  compact,  clayey  sand  and  gravel  with  scattered  cobbles 
and  boulders.  It  is  estimated  that  the  coefficient  of  permeability  is  0,00000001 
cm,  per  second.  The  overburden  in  the  river  channel  is  believed  to  be  com- 
pact clay,  aand  and  gravel  overlain  by  a  payement  of  boulders,  cobbles  and 
gravel,.  The  overburden  in  the  north  abutment  and  in  the  foundation  for  the 
dike  is  a  compact  silty  sand  and  gravel  with  scattered  cobbles  and  boulders  ex- 
cept in  a  few  limited  areas  of  the  dike  foundation  where  shallow,  superficial 
deposits  of  clay  and  sand  gravel  occur.  The  estimated  coefficient  of  permea- 
bility of  the  compact  silty  aand  and  gravel  is  0.00001  cm,  per  sec.  It  ia 
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estimated  that  the  overburden  in  the  left  abutment  and  in  the  foundation  for  the 
dike  has  a  cohesion  of  0.1  tons  per  square  foot  and  an  angle  of  internal  friction 
of  40° •  The  overburden  in  the  right  abutment  has  a  cohesion  of  0,3  tons  per 
square  foot  and  an  angle  of  internal  friction  of  30°.  Using  the  results  of  the 
water  content  determinations  shown  on  Plate  XII-2,  it  has  been  computed  that 
the  unit  dry  weight  of  the  glacial  till  is  approximately  I30  pounds  per  cubic 
foot  corresponding  to  a  saturated  weight  of  143  pounds  per  cubic  foot.  In  the 
foundation  of  the  dike  between  the  two  knolls  which  are  glacial  till  is  a 
shallow  deposit  of  marine  clay,  approximately  10  feet  in  depth.  For  a  dis- 
tance of  100  feet  near  the  eastern  end  of  the  dike,  the  overburden  to  a  depth 
of  5   to  10  feet  is  a  loose  sand  and  gravel  and  numerous  cobbles  and  boulders. 
This  superficial  deposit  is  a  characteristic  beach  deposit.   Typical  grain 
size  curves  of  the  foundation  materials  are  shown  on  Plate  XIII-1, 

13-03,  AVAILABILITY  ;\ND  CHARA.CTERISTICS  OF  EMBANKMENT  MATERIALS. 

(a)  General.  -  The  materials  for  the  embankments  will  be  obtained 
from  structure  excavation,  from  the  borrow  areas  shown  on  Plate  XII-1  and 
from  gravel  deposits  selected  by  the  contractor.  The  borrow  areas  for  the 
earth  fill  section  contain  the  most  economical  materials  in  the  vicinity  which 
are  suitable  for  a  safe  design.  The  following  paragraphs  describe  the  char- 
acteristics of  the  deposits  and  materials  to  be  utilized,  as  determined  by 
the  investigations  described  in  Section  XII  which  influence  the  design  of  the 
dike,  wing  dam,  and  abutment  embankments, 

(b)  Earth  Fill.  -  The  materials  for  the  earth  fill  sections  of  the 
wing  dams  and  abutments  and  for  backfill  will  be  obtained  from  the  structure 
excavation,  and  if  necessary,  from  the  borrow  areas.  The  material  will  have 
the  characteristics  described  in  paragraph  13-02(c)  for  glacial  till.  The 
materials  for  the  dike  will  be  obtained  from  the  borrow  areas  on  Barnhart 
Islands,  Prior  to  construction,  these  areas  will  be  explored  to  determine 
the  location  of  the  most  suitable  materials.  The  quantity  of  material  within 
these  areas  shown  is  in  excess  of  that  required  to  permit  a  selection.  The 
material  within  these  areas  is  a  compact  silty  sand  and  gravel  with  scattered 
boulders  and  numerous  cobbles.  It  is  very  well  graded  and  it  is  estimated 
that  when  compacted  it  will  have  coefficient  of  permeability  of  0,00001  cm, 
per  sec.  Typical  grain  size  curves  of  the  material  within  the  borrow  areas 
are  shown  on  Plate  XIII-2,. 

(a-)  Sand  and  Gravel..  -  Sand  and  gravel  for  the  downstream  filter 
blanket  of  the  dike  and  wing  dams  and  for  the  backing  under  the  riprap  will  be 
obtained  from  sandy  gravel  deposits  as  selected  by  the  contractor.  There  are 
within  15  miles  of  the  site  small  superficial  deposits  of  sand  and  g;ravel 
containing  material  which  is  believed  to  be  suitable. 

(d)  Riprap.  -  Material  rock  toe  fillet  of  the  dike  and  wing  dams 
and  for  riprap  will  be  obtained  from  structure  excavation  and  from  embankment 
materials.  The  rock  obtained  from  structure  excavation  will  be  composed  mainly 
of  sound  dolomite  and  limestone, 

13-04,  TREATMENT  OF  DAM  FOUTTOATION.  -  The  foundation  for  the  dam,  bulk- 
heads and  training  walls  will  be  sound  bedrock.  All  loose,  weathered  or  badly 
fractured  rock  will  be  excavated  to  produce  a  suitable  foundation.  The  bed- 
rock will  be  thoroughly  grouted  as  shown  on  the  contract  drawings.  Shale  beds 
will  be  excavated  to  found  the  base  of  the  structures  on  beds  of  other  rocks. 
If  gypsum  is  located  at  higher  elevation  than  the  4  foot  bed,  the  foundation  will 
be  grouted  to  greater  depths  than  shown  on  the  drawings. 


13-05 •  ^IND  DAM  AND  DIKE  SECTIONS.  -  As  the  design  progressed  to  its 
final  stage  the  sections  shown  on  Sheets  BD-1-20/1  and  BD-1-20/2  of  the  con- 
tract drawings  were  developed.  Initial  sections  were  the  same  as  those  shown 
except  for  details  of  the  riprap  blankets  and  a  downstream  rock  toe  and  blanket 
was  considered  instead  of  the  sand  ^^nd  gravel  filter  blanket.  The  top  width 
of  the  sections  was  governed  by  the  width  necessary  for  highway  and  railroad. 
The  clay  in  the  dike  foundation  area  will  be  removed  to  insure  a  stable 
foundation.  The  essential  features  of  the  dike  and  wing  dam  embankments  will  be 
as   described  in  the  following  paragraphs, 

(a)  Impervious  Features.  -  The  wing  dam  and  dike  will  contain  earth 
fill  sections  of  material  having  a  small  coefficient  of  permeability.  The 
central  section  of  the  earth  fill  will  be  heavily  compacted  with  a  sheeps- 
foot  roller  and  therefore  will  be  slightly  more  impervious  than  the  outer  sec- 
tions. The  compacted  earth  fill  will  extend  a  few  feet  into  the  foundation 
overburden  to  provide  a  cut-off  in  the  upper  overburden  materials  and  in  the 
beach  materials.  Compacted  earth  fill  will  encase  a  part  of  the  bulkheads, 

(b)  Draina^ce  Feattires.  -  To  control  the  seepage  through  the  embank- 
ments and  foundation,  a  filter  blanket  is  provided  under  the  downstream 
section.  It  is  believed  that  the  filter  will  prevent  any  seepage  from  exuding 
on  the  downstream  slop,  A  small  rock  fillet  is  provided  at  the  downstream  toe 
to  insure  against  erosion, 

(c)  Slope  Protection.  -  The  slopes  of  the  embankments  will  be  pro- 
tected against  erosion  by  heavy  ripiap  underlain  with  small  rocks  and  sandy 
gravel.  The  downstream  slope  above  the  rock  fillet  will  be  protected  with 
seeded  areas, 

13-06,  BACKFILL  AND  ABUTMENT  TREAT^ffiNT.  -  Backfill  around  the  bulkheads 
will  be  compacted  earth  fill.  The  material  will  be  obtained  from  structure 
excavation.  The  abutments  will  be  excavated  to  the  slopes  shown  on  the  con- 
tract drawings.  The  slopes  will  be  protected  with  riprap.  The  riprap  on  the 
slope  downstream  from  the  bulkheads  will  insure  against  sloughing  which 
might  be  produced  by  ground  water  or  rain  wash,.  Thp  riprap  upstream  from  the 
bulkheads  will  insure  a£ainst  erosion  due  to  any  currents  which  might  develop, 

13-07,  ANALYSIS  OF  E^.IBANKJ/1ENT  SECTION.  -  No  mathematical  analyses  have 
been  made  of  the  embankment  sections.  Such  analyses  are  believed  to  be  un- 
necessary. Based  on  experience  with  similar  materials  and  sections,  it  is 
believed  that  the  sections  have  ample  safety  for  stability  and  that  the 
quantity  of  seepage  will  be  very  small.  Sufficient  free  board  has  been  pro- 
vided to  compensate  for  any  settlement  which  might  occur,. 

13-08.  ECONOMY  OF  CONSTOUCTION .  -  The  embankments  will  be  composed  of 
suitable  earth  and  rock  materials  from  the  structure  excavations  and  from  nearby 
borrow  areas.  Provisions  have  been  made  to  utilize  all  of  the  stone  and  boulders 
from  the  earth  fill  material,  A  sand  and  gravel  filter  blanket  has  been  pro- 
vided under  the  downstream  section  in  place  of  a  downstream  shell  so  that  a 
minimum  quantity  of  sand  and  gravel  will  be  used.  It  will  be  necessary  to 
transport  sand  and  gravel  to  the  site,  A  downstream  rock  blanket  and  rock  toe 
were  not  incorporated  in  place  of  the  sand  and  gravel  filter  in  order  to  save 
rock  for  other  structures  on  the  project  and  to  simplify  construction. 
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DESIGN -ANALYSIS:   LONG  SAULT  DAM 

SECTION  XIV  -  COFFERDAI^  AND  DIVERSION 

14-01,  HYDROLOGY.  -  The  St.  Lawrence  River  has  its  source  in  the  Great 
Lakes  system.  By  far  the  greater  portion  of  the  runoff  from  the  tributary  area 
above  the  Long  Sault  Dam  passes  through  the  lakes,  which  regulate  the  flow  to 
such  extent  that  the  river  is  not  subject  to  floods.  For  this  reason  the  de- 
sign of  the  hydraulic  features  of  the  dam  can  be  predicated  wholly  on  records 
of  past  flows  (Plate  XIV-1)  and  no  further  hydrolcgical  studies  or  studies  of 
maximum  floods  have  been  made,  A  memorandum  summarizing  data  received  from  the 
Canadian  Authorities,  and  believed  to  be  of  general  interest,  is  attached  here- 
to as  Exhibit  XIV-1, 

14-02,  COFFERDAMS  AND  DIVERSION  -  DESCRIPTION, 

(a)  General .  -  The  Long  Sault  Dam  is  to  be  located  across  the  main 
channel  of  the  St,  Lawrence  Piver  immediately  downstream  from  the  Long  Sault 
Island  and  a  short  distance  below  the  foot  of  the  Long  Sault  Rapids,   It  is  pro- 
posed that  the  dam  be  constructed  in  two  sections;  the  first  to  include  the 
south  abutment  and  south  portion  of  the  dam  and  the  second  to  include  the  north 
portion  of  the  dam  and  the  north  abutment.  The  point  of  division  between  the 
two  sections  is  placed  opposite  the  end  of  Long  Sault  Island,  which  forms  a 
natural  division  both  for  cofferdams  and  for  diversion  during  construction, 
(See  Plate  XrV-2,  Long  Sault  Dam  Cofferdams  -  General  Layout). 

(b)  Construction  Schedule..  -  The  construction  of  the  dam  in  two 
sections,  as  above,  will  comprise  three  construction  steps.  The  first  step  will 
be  the  construction  of  the  south  section;  the  second  step  will  be  the  construction 
of  the  north  section;  and  the  third  step  will  be  the  closure  of  openings  left 

in  the  first  and  second  step  construction  for  passing  the  flow  of  the  river 
prior  to  and  during  the  closure.  The  construction  period,  as  indicated  on  the 
attached  preliminary  construction  schedule  (Plate  XIV-3)  is  estimated  as  ap- 
proximately four  years;  the  first  step  requiring  about  fifteen  months;  the 
second  step  about  two  years;  and  the  third  step  from  three  to  six  months, 

(c)  Diversion.  The  discharge  of  the  St.  Lawrence  River  varies 
normally  (  about  92  percent  of  the  years)  from  a  bout  180,000  c.f.s.  to  280,000 
c.f.s.;  the  minimum  and  maximum  for  the  80-year  period  of  record  being  144*000 
c.f.s.  and  314,000  c.f.s,  respectively  (see  Plate  I),  Of  this  discharge,  from 
20,000  to  27,000  c.f,s.  is  diverted  by  the  Massena  Power  Canal  and  2,300  c,f,s 
diverted  at  Lock  21  by  Canadian  authorities.  The  flow  for  any  year  is  usually 
at  a  maximum  in  May  or  June  and  decreases  steadily  to  a  minimum  the  following 
January  or  February, 

(d)  During  the  first  construction  step  the  main  flow  of  the  river 
will  be  continued  in  the  Long  Sault  Island  Main  Channel  and  the  normal  flow  of 
the  Long  Sault  Island  South  Channel  will  be  diverted  through  cut  "C.  During 
the  second  step  the  flow  will  be  diverted  through  cut  "F"  and  the  Long  Sault 
Island  South  Channel  and  over  diversion  openings  to  be  left  in  the  first  step 
construction.  Diversion  during  the  third,  or  closure,  step  will  be  through 
the  diversion  openings  until  these  openings  are  closed  off  or  raised  to  crest 
elevation,  and  the  flow  can  be  passed  over  the  dam.  Completion  of  the  Barnhart 
Island  powerhouse  substructure  to  a  stage  such  that  a  portion  of  the  flow  can 
be  passed  down  the  Barnhart  Island  North  Channel  and  through  the  powerhouse 
during  the  closure  of  the  Long  Sault  Dam  will  simplify  the  closure  step,  but  is 
not  required  in  the  plans  developed. 


(o)  During  the  construction  period  it  will  be  necessary  to  maintain 
navigation  throughout  the  reach  affected  and  also  to  maintain  proper  water  sur- 
face elevations  at  the  intake  of  the  Massena  Power  Canal,  It  will  be  necessary 
to  reconstruct  Lock  21  as  a  lift  lock  and  to  protect  the  lock  and  the  Cornwall 
Canal  to  elevation  210,  Other  canals  or  locks  upstream  from  the  dam  site  will 
not  be  affected  until  the  closure  step,  at  which  time  the  Farran's  Point  and 
Morrisburg  Canals  will  be  drowned  out  and  navigation  can  proceed  in  the  river 
channel.  The  proposed  intake  structure  of  the  Plassena  Power  Canal  is  scheduled 
for  construction  so  that  diversion  into  the  canal  after  initiation  of  the  second 
step  of  the  Long  Sault  Dam  will  be  through  the  new  structure  and  the  rising 
water  surface  will  not  interfere  with  the  canal, 

14-03,  COFFERDAiE  AND  DI^/ERSION  -  FIRST  STEP. 

(a)  First  Step  Construction.  -  That  part  of  the  dam  to  be  constructed 
during  the  first  step  will  be  the  south  abutment  and  the  spillway  sections  to 
and  including  pier  14.  Forty-foot  diversion  openings  will  be  left  in  spillway 
bays  1  to  I3  inclusive  for  second  step  diversion.  The  remainder  of  the  structure 
in  this  step  will  be  completed  to  full  height. 

(b)  First  Step  Cofferdams.  -  The  location  and  designation  of  the 
cofferdams  is  shown  on  the  general  plan  (Plate  XIV-2),  Cofferdam  'A',  closing 
the  Long  Sault  Island  South  Channel  above  the  dam,  will  be  an  earth  and  rock 
embankment  constructed  to  elevation  I92.  Cofferdam  'B',  extending  f rem  t he 
United  States  shore  below  the  dam  and  around  the  end  of  the  south  section  of  the 
dam  to  connect  to  the  Lone  Sault  Island,  will  be  a  timber  crib  structure  con- 
structed to  elevation  I88;  except  that  a  portion  of  that  part  of  cofferdam  'B' 
which  is  upstream  of  the  deim  axis  will  also  be  used  as  part  of  the  second  step 
cofferdams  and  will  be  raised  to  elevation  205  for  the  second  stepV 

(c)  Cofferdam  'A'  was  located  immediately  below  diversion  cut  'C 
and  at  the  head  of  diversion  cut  'G'  to  permit  excavation  of  the  greater  part  of 
the  latter  in  the  dry.  Due  to  the  necessity  of  maintaining  the  status  quo  of 
the  water  levels  at  the  intake  of  the  Massena  Power  Canal  and  of  maintaining  a 
channel  to  sluice  floating  ice  away  from  this  intake,  itms  not  considered 
practical  to  locate  cofferdam  'A'  near  the  head  of  Long  Sault  Island  and  thus 
take  advantage  of  the  smaller  structure  which  would  be  necessary,. 

(d)  First  Step  Diversion..  -  The  main  flow  of  the  river  will  be  con- 
tinued in  the  Long  Sault  Island  Main  Channel  and  the  flow  of  the  Long  Sault 
Island  South  Channel  will  be  diverted  through  cut  'C.  During  the  construction 
of  Cofferdam  'A',  the  Long  Sault  Island  South  Channel  will  be  temporarily  closed 

by  raising  the  crest  of  the  weir  at  the  Massena  Power  Canal  Intake;;  but  immediately 
after  completion  of  Cofferdam  'A',  and  in  any  event  prior  to  the  ice  season, 
the  weir  must  be  restored  to  its  original  condition, 

(e)  First  Step  Hydraulics.  -  Except  for  the  short  period  when  the 
Iifessena  Weir  is  closed,  the  first  step  construction  will  not  affect  Lock  21  or 
the  TiJassena  Power  Canal,.  During  the  period  when  the  weir  is  closed t  it  is 
estimated  that  the  water  levels  at  Lock  21  and  the  Massena  Power  Canal  Intake 
will  be  raised  between  0^  feet  and  l.D  feet,  depending  on  the  flow.  Estimated 
water  surface  profiles  down  the  Long  Sault  Island  South  Channel  and  through 
cut  'C  are  shown  on  Plate  XIV-4. 

(f)  As  it  is  necessary  to  close  off  the  Barnhart  Island  North  Channel 
for  construction  of  the  powerhouse,  the  flow  normally  passing  down  this  channel 
must  be  carried  by  the  Barnhart  Island  Ivfein  Channel,  causing  the  water  at  the 
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dam  site  to  rise  about  one  foot  over  natural  open  water  conditions, 

(g)  Ice  gorges,  which  form  downstream  from  the  dam  site  during  winter 
periods,  may  cause  normal  water  surface  elevations  to  be  exceeded  considerably; 
and  it  is  necessary  to  determine  the  height  of  the  downstream  cofferdams  to 
meet  this  condition,  (See  Table  XIV-1),  Since  elevation  188  is  exceeded  only 
about  one  winter  in  five,  this  elevation  has  been  chosen  for  the  top  of  the 
downstream  cofferdams. 


TABLE  XIV- 1 

Maximum  Elevations  at  Trailrace  of 
St,  Lawrence  Powerhouse  -  Sheek  Island 


Year 

Elevation 

Year 

Elevation 

1913 

182.2 

1927 

181  a 

1914 

187.2 

1928 

178.1 

1913 

179.9 

1929 

175.8 

1916 

179.0 

1930 

180.4, 

1917 

188.1 

1931 

174.2 

I9I8 

196.2 

1932 

170.0 

1919 

170.0 

1933 

170.0 

1920 

187.2 

1934 

179.0 

1921 

170  ..0 

1935 

181.0 

1922 

177.5 

1936 

180.3 

1923 

180.0 

1937 

169.6 

1924 

179.7 

1938 

173.8 

1925 

183 .2 

1939 

185.6 

1926 

176.1 

1940 

175.7 

Information  from  Records  of 
St.  Lawrence  Power  Co. 


Times  equalled  or  exceeded  in  28  years 


Elevation 

196 
195 
194 
193 
192 

191 
190 
189 
188 
18? 
186 
185 
184 
I83 
182 
181 
180 


Consecutive  Periods  of 
One  year Two  years Three  years 


li'^  y^S' 


1 
1 
1 
1 
1 
1 
1 
1 
2 

4 
4 
5 

7 

8 

10 

13 


2 
2 
2 
2 
2 
2 
2 
2 

_!. 
7 
7 
9 
9 

11 
11 
16 
20 


It^  vrs. 


3 
3 
3 
3 
3 
3 
3 
3 
Ji 
8 
8 

11 
11 
14 
14 
19 
25 
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U-04.  COFFERDAIiB  AND  DIVERSION  -  SECOND  STEP. 

(a)  Second  Step  Construction.  -  The  second  step  of  the  dam  construction 
will  comprise  that  portion  of  the  dam  from  pier  li;  to,  and  including,  the  north 
abutment.  Several  40-foot  diversion  openings,  as  required  for  the  closure  plan 

to  be  adopted,  will  be  left  in  this  section  and  the  remainder  of  the  section 
completed  to  full  height. 

(b)  Second  Step  Cofferdams.  -  The  downstream  cofferdam  will  consist  of 
two  sections;  'DU' ,  from  the  upstream  face  of  the  dam  to  Long  Sault  Island  and 
'DD*,  from  the  downstream  face  of  the  dam  to  Barnhart  Island,  The  cofferdam 

will  be  timber  crib  construction  built  to  elevation  138  downstream  from  the  dam 
and  to  elevation  205  upstream  from  the  dam.  As  shown  on  general  plan  (Plate  XIV- 
2)  several  cribs  of  first  step  cofferdam  'B*  will  be  also  used  in  cofferaams  *DU' 
and  'DD',  Timber  crib  bulkhead  sections,  built  in  the  dry,  will  connect  the 
completed  section  of  the  dam  to  the  cofferdams* 

(c)  The  upstream  second  step  cofferdam  'E',  will  close  the  Long  Sault 
Island  Main  Channel,  The  Long  Sault  Rapids,  with  a  30-foot  fall  in  a  relatively- 
short  distance,  are  imnediately  upstream  from  the  dam  site;  and,  in  order  to 
reduce  the  height  of  the  cofferdam  aid  the  final  closure  head,  cofferdam  'E'  will 
be  located  a  short  distance  above  the  head  6f  the  rapids.  At  this  location  the 
final  closure  head  will  be  approximately  1?  feet,  i.e.,  the  controlled  water 
surface  elevation  at  Lock  21  (elevation  199  minimum)  minus  the  water  surface 
elevation  at  the  control  above  the  Long  Sault  Rapids  (elevation  182).  The  haz- 
ards of  making  the  closure  at  this  head  make  a  stop-log  closure  advisable;  and 
it  is  proposed  to  make  Cofferdam  'E'  a  timber  crib  structure  having  fourteen 
25-foot  stop-log  openings  to  be  closed  by  concrete  stop-logs  after  the  final 
crib  has  been  placed.  Conditions  at  the  placing  of  the  last  crib  prior  to 
closure  by  stop-logs  are  shown  on  Plate  XIV-5»  Since  the  Barnhard  Island  North 
Channel  will  be  closed  by  the  powerhouse  cofferdam,  it  will  not  be  necessary  to 
place  an  additional  cofferdam  across  this  channel. 

(d)  Second  Stop  Diversion.  -  Diversion  openings  ^O-feet  wide  are  pro- 
vided in  each  of  spillway  bays  1  to  13  of  the  first  step  construction  for  diver- 
sion during  the  second  step.  The  sills  of  these  openings  are  to  be  at  approxi- 
mately elevation  16q,  depending  on  the  gates  provided  in  the  closure  scheme 
finally  adopted.  The  size  and  number  of  openings  has  been  selected  to  pass 

the  flow  of  the  river  with  the  water  surface  above  the  dam  at  about  elevation 
195;  since  computations  of  backwater  have  shown  that  a  lower  stage  the  hydraulic 
control  shifts  to  upstream  channel  constrictions  and  that  larger  openings  would 
be  of  no  benefit* 

(e)  After  the  work  to  be  done  inside  the  first  step  cofferdams  has 
been  completed  these  cofferdams  will  be  removed  and  the  flow  of  the  river  will 
be  diverted  through  cut  'F'  and  the  Long  Sault  South  Channel  and  over  the  diver- 
sion openings  in  the  first  step  construction.  The  weir  across  the  Long  Sault  Island 
South  Channel  at  the  intake  of  the  Massena  Power  Canal  will  be  removed  to  per- 
mit a  greater  flow  down  this  channel.  Cut  'G' ,  which,  except  for  a  plug  at  the 

end  of  Cofferdam  'A',  will  have  been  excavated  in  the  dry  during  the  first  step 
construction,  is  provided  to  increase  the  capacity  of  the  lower  section  of  the 
channel ,. 

(f)  Throughout  the  period  of  construction  it  will  be  necessary  to 
maintain  water  surface  elevations  at  Lock  21  anc^  at  the  intake  of  the  Massena 
Power  Canal  not  lower  than  the  normal  water  levels  at  these  points.  Dependable 
regulation  at  the  diversion  openings  will  be  afforded  by  providing  gates  at 
the  diversion  openings  in  the  dam.  The  gates  will  also  be  used  to  close  the 


14-5 


the  openings  for  concreting  during  the  final  closure, 

(g)  The  removal  of  the  weir  at  the  Massena  Power  Canal  Intake  will 
increase  the  slope  in  the  Long  Sault  Island  South  Channel  from  the  head  of 
Long  Sault  Island  to  the  site  of  the  weir  and  will  result  in  approximately 
normal  water  levels  at  this  point  during  the  second  step  diversion,  (Plate  XIV- 
6,  Table  XIV-2)  However,  the  construction  schedule  for  the  proposed  intake 
structure  provides  for  closing  the  present  canal  intake  and  diverting  through 
the  partially  completed  new  structure  when  the  second  step  diversion  is  initiated; 
and  an  increased  water  level  will  not  interfere  with  the  operation  of  the  c?.nal, 

(h)  Water  Levels  at  Lock  21  will  be  raised  during  the  second  step 
diversion  to  approximately  elevation  206,1,  (Plate  XIV-6,  Table  XIV-2)  and  it 
will  be  necessary  to  provide  protection  for  the  lock  and  canal.  It  is  proposed 
to  reconstruct  Lock  21  as  a  lift  lock  and  raise  the  Cornwall  Canal  dike  prior 
to  the  second  step  diversion.  Inasmuch  as  it  will  be  desired  to  raise  the  water 
level  at  Lock  21  to  about  elevation  210  during  the  closure  period  and  before 
the  Cornwall  Canal  is  abandoned,  the  lock  and  canal  will  be  protected  to  ele- 
vation 210  which  is  ample  for  the  second  step  diversion  period, 

(i)  In  the  event  that  cut  'F'  and  the  Long  Sault  Island  South  Channel 
were  opened  prior  to  closure  of  the  Long  Sault  Island  Main  Channel,  the  re- 
sulting total  channel  area  would  be  sufficient  to  lower  water  levels  at  Lock 
21  below  the  permissible  minimum  (see  Plate  XlV-6),  In  order,  therefore,  to 
allow  proper  regulation  during  the  transition  from  the  first  to  the  second  step 
diversion  a  definite  sequence  of  operations  will  be  necessary  as  follows: 
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(1)  Complete  excavation  of  cut  'G',  expecting  a  plug  at  the 
end  of  Cofferdam  'A',  in  the  dry  during  the  first  step  construction.  Cut  'F*, 
expecting  a  plug  at  the  upper  end,  should  also  be  completed  during  the  first 
step, 

(2)  After  completion  of  first  step  construction,  remove  cof- 
ferdams 'A'  and  'B',  including  cut  'G'  at  the  end  of  Cofferdam  'A',  and 
raise  Cofferdam  'DU'  to  elevation  205, 

(3)  Close  off  cut  'C  with  earth  plug  to  elevation  210, 

(Zj.)  Close  diversion  gates  and  raise  water  in  the  Long  Sault 
Island  South  Channel  to  elei^ation  200  to  drown  out  the  weir  at  the  Massena 
Power  Canal, 

(3)  Remove  weir  and  remove  plug  in  cut  'F', 

(6)  Construct  cofferdam  'E',  increasing  the  flow  down  the  Long 
Sault  Island  South  Channel  by  opening  regulation  gates  as  the  main  channel  is 
constricted  and  maintaining  at  all  times  a  water  level  at  Lock  21  not  below 
elevation  199  or  above  elevation  208, 

(j)  Second  Step  Hydraulic  Conditions  -  The  30-foot  fall  of  the 
river  through  the  Long  Sault  Rapids  is  more  than  is  required  for  velocity  head 
and  friction  slope  through  cut  'F*  and  the  Long  Sault  Island  South  Channel; 
and  the  diversion  has  been  designed  to  concentrate  about  two-thirds  of  the 
fall,  or  20  feet,  at  the  dam.  It  is  contemplated  that  the  water  surface  at 
the  upstream  side  of  the  dam  will  be  maintained  by  regulation  to  about  eleva- 
tion 195  (see  water  surface  profiles.  Plates  XIV-7  and  8),  However,  any 
lowering  of  the  water  surface  above  the  dam  to  the  minimum  required  for 
discharge  through  the  diversion  openings  (Plate  XIV-9)  would  have  little 
effect  at  Lock  21  or  the  intake  of  the  Massena  Power  Canal  as  the  hydraulic 
control  would  shift  to  upstream  channel  constrictions, 

14-05.  C0FFEfU3Aie  AHD  DIVERSION  -  CLOSURE  STEP. 

(a)  General  Closure  Plans.  -  Two  general  plans  for  closure  have 
been  developed.  The  first,  identified  as  Plan  A,  provides  for  raising  the 
sills  of  the  diversion  openings  step  h\    step  until  all  the  flow  is  diverted 
over  the  completed  spillway  bays.  The  second,  plan  B,  contemplates  the  diver- 
sion openings  constructed  as  covered  sluiceways,  or  conduits;  final  closure 
to  be  made  b3''  closing  off  these  conduits  with  the  diversion  gates  and  raising 
the  pool  rapidly  until  the  flow  is  diverted  over  the  completed  bays, 

■(b)  Plan  A.  -  Essentially,  Plan  A  provides  for  raising  the  pool 
gradually  to  elevation  209  while  maintaining  uninterupted  14-foot  navigation 
in  the  present  canal  system.  Navigation  is  then  to  be  suspended  for  the  short 
period  required  to  close  the  Cornwall  Canal  and  raise  the  pool  rapidly  to 
elevation  225 1  sit  which  point  14-foot  navigation  can  be  accomodated  in  the  new 
•Long  Sault  Canal,  The  pool  may  then  be  raised  gradually  until  all  the  flow 
is  diverted  over  the  completed  spillway  bays.  Inasmuch  as  the  permanent  spill- 
way gates  can  be  used  for  regulation  and  closure  of  the  diversion  openings 
by  making  them  slightly  stronger,  the  plan  anticipates  that  these  gates  will 
be  provided  for  use  during  the  diversion  and  closure, 

\,cj     Tne  diversion  openings  proposed  are  to  be  open  slots.  The 
permanent  spillway  gates  are  to  be  used  for  regulation  and  for  closure  of  the 
openings.  Closure  will  be  made  by  closing  off  groups  of  openings  and  pouring 
one  or  more  lifts  per  closure,  the  flow  of  the  river  being  passed  through  the 
remaining  openings.  It  is  anticipated  that  the  Iroquois  Dam  will  be  used, 
within  the  limits  dictated  by  the  levels  of  Lake  Ontario,  to  regulate  the 
flow  of  the  river  to  the  capacity  desired  for  diversion  during  the  various 
closure  moves;  but,  if  the  regulation  thus  available  is  inadequate,   the  schedule 
of  closure  may  be  varied  to  meet  the  conditions, 
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(cb)  In  order  to  provide  greater  diversion  capacity  during  the  closure 
period  and  to  permit  a  closure  schedule  conforming  to  a  pool  level  requirements, 
it  will  be  necessary  to  provide  several  diversion  openings  in  the  second  stage 
construction  in  addition  to  the  thirteen  40-foot  openings  left  in  the  first 
stage  cons timet ion.  A  closure  schedule,  which  with  the  allowable  regulation  by 
Iroquois  Dam  is  adequate  for  a  year  of  normal  river  discharges,  has  been  ap^t  up  with 
five  40-foot  openings  in  the  second  stage  construction,  making  a  total  of  18 
openings  (Plates  XIV-10,  11  &  12),  If,  at  the  time  the  final  closure  plan  is 
definitely  selected,  it  appears  desirable  to  provide  a  greater  number  of  diver- 
sion openings;  gates  for  six  openings,  in  addition  to  the  eighteen  proposed 
herein,  can  be  made  available;  however  the  design  of  these  extra  gates  would 
need  to  be  revised  to  permit  combinations  of  gate  sections  not  at  present  con- 
sidered. The  diversion  capacity  at  any  time  during  closure  can  also  be  in- 
creased by  varying  the  closure  schedule;  but  the  time  required  for  closure  would 
be  greater, 

(e)  Inasmuch  as  it  is  proposed  to  use  the  permanent  spillway  gates 
for  diversion  regulation  and  closure,  the  elevation  of  the  sills  of  the  diver- 
sion openings  (to  a  limited  extent)  and  the  raising  of  the  pool  at  each  move 
will  depend  on  the  heights  of  the  gates  available,  A  total  of  42  gates  are 
being  provided  for  the  spillway  as  followsii 

Number       Type  Height 

23,67  feet  high 

8,67  feet  bottcan  and  17  feet  top 

11,67  feet  bottom  and  14  feet  top 

13 ,.67  feet  bottom  and  12  feet  top 

The  gates  will  be  so  designed  that  any  top  section  can  be  combined  with  any 
bottom  section  or  with  any  single  gate  section.  Two  bottom  sections  or  a 
bottom  section  and  a  single  gate  section  cannot  be  combined  unless  redesigned 
for  this  purpose.  These  gates  may  be  combined  for  use  in  the  diversion  open- 
ings as  follows: 

Nmmber  Sections  Used  Total  Height 

6  23.67'  -  17.00  42.67 

6  23.67'  -  14.00  39.67 

6  23.67'  -  12  ..00.  37.67 

and  if  additional  ooenings  are  provided  the  six  remaining  single  gates  can  be 
combined  with  six  bottom  sections  (redesigned  for  such  use)  to  make  six  gates 
23^67  feet  plus  13.67  feet  or  39.34  feet  high. 

(f)  At  the  beginning  of  the  transition  from  the  first  to  the  second 
construction,  the  water  level  in  the  Long  Sault  Island  South  Channel  will  be 
held  at  about  elevation  201,  and  it  is  necessary  to  place  the  sills  of  the 
thirteen  diversion  openings  in  the  first  step  construction  at  such  elevation 
that  the  top  of  the  gates  will  be  at  elevation  201,  Thus  the  sills  in  six 
openings  (42,67-foot  gates)  are  placed  at  elevation  I6O;  six  openings  (39.67- 
foot  gates)  are  placed  at  elevation  163;  and  one  opening  (37,67-foot  gate) 
at  elevation  I63,  During  the  closure  period  when  the  pool  is  raised  to  ele- 
vation 223,  it  will  be  necessary  to  close  the  openings  left  in  the  second 
step  construction  (37.67-foot  gates)  and  the  sills  of  these  openings  are  placed 
at  elevation  I90, 
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(g)  It  is  proposed  to  maintain  14-foot  navigation  in  the  present 
Cornwall  Canal  while  the  pool  is  gradually  raised  to  elevation  209  and  to  this 
end  it  is  proposed  to  redesign  lock  21  as  a  lift  lock  and  to  protect  Lock  21 
and  the  Cornwall  Canal  to  elevation  210.  Navigation  above  Lock  21  will  not  be 
affected  while  the  pool  is  at  e-evation  209  or  lower;  but  when  the  pool  is 
raised  to  elevation  225  both  the  Farran's  Point  and  Morrisburg  Canals  will  be 
drowned  out  and  navigation  must  be  routed  past  these  canals  through  tie  river 
channel.  Velocities  of  flow  in  the  Rapide  Plat  near  the  head  of  the  Morris- 
burg Canal  will  be  reduced  by  the  higher  stage  until  they  are  less  than  those 
normally  encountered  at  the  Goose  Neck  Island  constriction  (Plate  XIV-I3) 
and  it  is  proposed  to  further  reduce  the  Rapide  Plat  velocities  by  completing 
the  proposed  Ogden  Island  South  Channel  enlargement  prior  to  raising  the  pool. 
Velocities  past  the  Farran's  Point  Canal,  with  the  pool  raised  to  elevation 
225,  will  not  hinder  navigation. 

(h)  The  closure  schedule  developed  for  normal  river  flow  is  shown 
on  Plate  XlV-il.  On  the  basis  of  beginning  closure  in  July,  this  schedule  is 
adequate,  without  regulation  by  Iroquois  Dam,  for  six  years  of  the  80-year 
record.  With  only  minor  regulation,  i.e.,  temporary  storage  during  several 
moves,  of  small  volumes  which  could  be  released  during  other  lAoves  by  increas- 
ing the  normal  flow  by  not  more  than  5  percent,  the  schedule  is  adequate  for 
sixteen  years  of  eighty;  and  by  regulation  limited  only  by  the  necessity  of 
maintaining  the  level  of  Lake  Ontario  below  the  maximum  predicated  for  operat- 
ing conditions  the  schedule  is  adequate  for  all  but  ten  years  of  eighty, 
Plate  XIV-12  shows  the  conditions  existing  during  a  typical  year  requiring 
regulation.  If  closure  were  begun  in  August,  the  flows  to  be  diverted  are 
normally  less  and  the  degree  of  adequacy  of  the  schedule  somewhat  greater. 
At  any  time,  however,  the  schedule  can  be  rearranged  to  provide  diversion 
without  regulation  at  Iroquois  Dam  by  decreasing  the  number  of  openings  to  be 
closed  at  one  time  and  increasing  the  time  required  for  closure. 

(i)  Plan  B.  -  Plan  B  contemplates  that  the  diversion  openings  will 
be  covered  sluices  or  conduits.  At  the  time  of  closure  the  legulation  gates 
would  be  closed  and  the  pool  raised  in  one  move  until  all  the  flow  could  be 
passed  over  the  completed  spillway  bays.  As  soon  as  the  sluices  are  closed, 
they  can  be  concreted.  Inasmuch  as  the  pool,  under  this  plan,  will  be  raised 
in  one  move,  navigation  must  be  suspended  during  the  period  of  raising  the 
pool;  but  will  not  be  otherwise  interfered  with*  No  openings  other  than  those 
left  in  the  first  step  construction  for  second  step  diversion  will  be  required, 
Plate  14  shows  the  construction  steps  for  this  plan  and  Plate  XIV- I5  shows  a 
diagram  of  the  proposed  regulation  gates. 

(jj  It  is  desirable  to  have  the  diversion  openings  small  to  make 
the  closure  easier  and  reduce  the  size  of  gate  required;  yet,  in  order  that 
ice  may  be  passed  without  damaging  or  piling  up  behind  the  structure  during 
the  second  stage  diversion,  the  top  of  the  opening  should  be  at  an  elevation 
somewhat  above  the  surface  of  the  water  flowing  through  the  opening.  The 
top  of  the  diversion  openings  for  plan  B  has  been  set  at  the  elevation  to 
which  the  water  surface  above  the  dam  will  normally  be  held  (elevation  193)» 
the  drawdown  as  the  flow  enters  the  openings  being  sufficient  to  allow  passage 
of  ice.  The  sills  of  the  openings  have  been  set  at  elevation  I60. 

(k)  When  the  openings  are  closed  for  final  concreting,  the  pool 
will  be  raised  until  the  flow  can  be  passed  over  the  completed  spillway  bays. 
It  will  be  desirable  to  close  off  at  least  one  bay  adjacent  to  the  work  area; 
leaving  26  completed  bays  over  which  the  flow  can  be  passed.  With  a  flow  of 
280,000  c.f  .3.,  20,000  c.f  .s.  of  which  will  be  diverted  through  the  Massena 
Power  Canal,  the  pool  level  would  be  raised  to  elevation  236, 
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(1)  It  is  anticipated  that  the  permanent  spillway  gates  could  be 
used  for  regulation  and  closure  of  the  diversion  openings  in  plan  B,  However, 
the  head  under  which  the  final  closxire  would  be  made  (76  feet  on  the  bottom 
and  41  feet   on  the  top  of  the  gates)  would  require  that  the  gates  be  strength- 
ened and  made  a  great  deal  heavier  than  is  necessary  for  their  permanent 
functions. 

(m)  Discharge  Through  Powerhouse  Channel.  -  Plate  XIV-I6  is  attached 
hereto  in  order  to  show  the  approximate  flow  which  could  be  diverted  through 
the  powerhouse  substructure  in  the  event  that  this  channel  was  available 
during  the  closure  step, 

14-06.  COFFERDAM  DESIOI. 

(a)  General.  -  The  general  type  of  cofferdam  proposed  for  Long  Sault 
Dam  consists  of  timber  cribs,  filled  with  quarry  or  acceptable  rock  from  ex- 
cavation, banked  with  an  impervious  fill,  and  connected  to  high  ground  by  a 
shore  fill.  The  water  seal  will  be  made  by  either  a  blanket  of  impervious 
material  where  no  appreciable  velocity  is  present  or  by  a  double  steel  sheet 
pile  diaphragm  sealed  with  concrete  where  high  velocities  will  exist  along  the 
face  of  the  crib.  In  order  to  reduce  seepage  under  the  cofferdams  a  toe 
trench,  extending  to  rock  or  impervious  material  and  backfilled  with  impervious 
fill,  has  been  provided  for  all  earth  and  rock  embankments  and  all  crib 
blanket  fills  adjacent  to  cribs  not  fovmded  on  rock. 

(b)  Cribs  in  continuous  crib  cofferdams  have  been  laid  out  with  a 
width  equal  to  the  height.  To  provide  for  extreme  high  water  caused  by  ice 
jams  at  Lake  St,  Francis  the  cribs  have  been  raised  or  "stepped"  along  their 
outside  face,  maintaining  a  maximum  sliding  coefficient  of  0J^.^   assuming  water 
load  to  top  of  crib  and  5»000  pounds  per  foot  ice  load.  Following  this 
criterion  the  cribs  in  cofferdam  E  with  23-foot  stop  logs  adjacent  have  a 
width  to  height  ratio  of  1  to  1,25, 

(c)  Crib  Construction.  -  The  cribs  in  the  Long  Sault  Dam  are  not 
high,  averaging  only  about  35  feet,   and  it  is  considered  that  10-foot  pockets 
using  10"  X  10"  timber  make  an  economical  combination  of  low  material  quantities 
and  low  handling  costs.  Weight  pockets  will  be  provided  at  each  corner  floored 
with  a  layer  of  10"  x  10"  timbers.  The  cribs  will  be  tailored  to  fit  the 
bottom;  clearances  of  one  foot  vertical  and  five  feet  horizontal  will  be  used 

to  insure  good  fit.  No  special  boltings  will  be  required  in  the  dry  face  as  the 
cribs  are  shallow  and  the  rocK  fill  will  arch,  3O"  3C  7/8"  square  drift  pins 
will  be  used  in  a  I3  16"  hole;  2  pins  across  all  joints* 

(d)  No  stiea thing  is  to  be  provided  except  on  the  water  face  where 
an  earth  blanket  is  required  for  seal. 

(e)  First  Stage  Cofferdams.  -  Cofferdam  A  is  located  at  the  upstream 
end  of  Cut  G  in  order  that  most  of  Cut  G  can  be  made  in  the  dry.  Cofferdam  A 
is  a  rock  and  earth  fill.  The  section  shown  on  the  plans  indicated  rock  to 
elevation  173  or   normal  water  surface  on  the  downstream  side  and  earth  fill 
above  and  upstream  of  the  rock.  The  Massena  Diversion  Weir  will  be  closed  and 
raised  at  the  time  of  closure  of  Cofferdam  A  and  only  leakage  through  the  rock 
weir  will  be  diverted  through  Cut  C.  The  top  of  the  cofferdam  will  be  elevation 
192,  A  cutoff  trench  to  rock  at  the  upstream  toe  is  provided* 

(f )  The  inside  face  of  the  center  arm  of  Cofferdam  B  is  located  30 
feet  out  from  the  north  face  of  Pier  Monolith  14.  The  angle  point  is  located 
200  feet  downstream  from  the  axis  of  the  dam  to  provide  sufficient  room  for  con- 
structing the  bucket  and  for  additional  working  area.  The  south  end  of  Coffer- 
dam B  where  it  joins  the  bank  has  been  located  so  that  the  toe  of  the  inside 
slope  (1  on  3)  of  the  shore  fill  will  clear  the  end  of  the  training  wall 
excavation. 
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(g)  It  is  proposed  to  set  cribs  12  to  21  on  rock  and  provide  a  steel 
pile  seal  in  this  vicinity  where  high  velocities  will  exist* 

(h)  The  blanket  adjacent  to  an  overlapping  the  steel  sheet  pile 
seal  at  cribs  12  to  21  will  be  protected  by  rock  riprap, 

(i)  Second  Stage  Cofferdam*  -  Cofferdam  'E'  is  located  about  1,200 
feet  upstream  of  the  control  on  Long  Sault  Rapids,  The  rough  water  and  high 
velocities  immediately  at  and  above  the  control  make  it  more  practical  to 
place  the  cofferdam  upstream  in  deeper  water  where  velocities  are  lower.  The 
estimated  mean  velocity  at  the  proposed  site  is  10  feet  per  second.  An  ad- 
ditional advantage  of  placing  the  cofferdam  upstream  is  the  fact  that  the  con- 
trol for  the  rapids  below  the  cofferdam  decreased  the  drop  through  t he  s top 
log  openings  during  placement  of  cribs  and  stop-logs, 

(j)  It  is  proposed  to  place  all  cribs  adjacent  to  the  stop-log 
openings  on  rock,  which  is  at  or  only  a  few  feet  below  the  river  bottom  except 
on  the  Long  Sault  Island  end  and  where  some  excavation  will  be  required, 

(k)  T»o  stop-log  slots  are  to  be  provided  at  each  stop-log  closure. 
Ordinary  concrete  stop-logs  are  proposed  and,  it  is  contemplated,  will  be 
used  in  the  downstream  slot  having  the  upstream  slot  available  for  emergency 
closure  with  a  girder  frame  and  vertical  needles.  This  method  of  closure  may 
prove  valuable  for  use  where  the  bottom  is  very  rough, 

(1)  Cofferdam  'DU*.  -  The  portion  of  the  second  step  downstream 
cofferdam  upstream  from  Cofferdam  B  is  made  of  the  upstream  and  downstream 
bulkheads,  the  completed  spillway,  and  cribs  22  to  2?  of  Cofferdam  'B',  Cribs 
24  to  27  and  the  shore  fill  will  be  raised  from  elevation  188  to  elevation  205, 

(m)  The  first  step  construction  blanket  on  cribs  24  to  2?  will  be 
removed  to  provide  drainage  and  an  impervious  blanket  will  be  placed  on  the 
opposite  side  for  the  second  step  construction.  The  timber  bulkhead  sections 
will  be  constructed  in  the  dry  within  the  first  step  cofferdam  area  and  there- 
fore have  been  sealed  with  a  built  up  waterproof  diaphragm, 

(n)  Qoffffrd am  DP,  -  The  second  step  cofferdam  connecting  with  Crib 
B-17  of  Cofferdam  B,  consists  of  cribs  Dl  to  D23  across  the  main  channel. 
This  line  of  cribs  has  been  off -set  at  Cri*bs  B-15  to  B-l?  in  order  to  set  the 
long  line  of  cribs  back  from  the  high  velocity  flow  through  the  diversion  open- 
ings in  th«k  dam.  Cribs  D-20  to  D-25  will  be  seated  on  rock  and  have  a  steel 
sheet  pile  diaphragm  joined  to  the  first  step  sheet  piling  at  Crib  B-l6,  A.t 
the  time  Cribs  B-14  and  B-l^  are  placed  in  the  first  step  a  steel  sheet  pile 
membrane  will  be  placed  between  them  to  f orm  a  link  in  the  second  step  seal* 
Cribs  1  to  19  of  Cofferdam  DD  will  be  placed  on  the  river  bottom  and  will  be 
made  water  tight  by  means  of  an  impervious  blanket.  It  is  possible  that  a 
large  counter-eddy  will  tend  to  erode  this  blanket,  and  it  is  therefore  con- 
templated that  rock  riprap  will  be  placed  on  top  of  the  blanket, 

14-07,  OVERBURDEN  AND  BEDROCK  CONDITIONS  AT  COFFERDAWB  AND  CUTS. 

(a)  General.  -  The  overburden  in  the  vicinity  of  the  cofferdams  and 
cuts  as  determined  by  the  investigations  described  in  Section  XII  consists 
generally  of  glacial  till  underlying  scattered  superficial  aluvial  deposits. 
The  classification  of  the  overburden  at  each  drill  hole  is  shown  on  Sheets 
BD-1-1/6,  1/7,  and  1/8,  of  the  contract  drawings.  The  glacial  till  is  compact 
well  graded  clayey  to  silty  gravelly  sand  with  occasional  cobbles  and  boulders. 
The  glacial  till  in  the  vicinity  of  Cut  F  is  extremely  compact  and  it  is 
estimated  that  the  material  l^s  a  unit  wet  weight  of  I30  pounds  per  cu,  ft. 
The  glacial  till  at  the  other  sites  in  general  is  less  compact  than  at  Cut  F, 
All  glacial  till  may  be  considered  impervious  and  unstratif ied,  however, 
pockets  of  more  pervious  material  may  occur  in  the  deposits. 
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(b)  At  the  sites  of  the  cofferdams,  the  glacial  till  in  the  river 
channels  is  overlain  with  deposits  of  variable  sand,  gravel  and  boulder  to 
depths  varying  in  general  from  2  to  10  feet.  The  superficial  deposits  at  Cof- 
ferdam 'DD'  may  be  considerably  deeper.  The  superficial  deposits  in  the  river 
channels  are  believed  to  be  loose  and  relatively  pervious  to  the  underlying 
glacial  till. 

(c)  Superficial  deposits  of  clay  or  uniform  sands  occur  at  Cut  G,. 
on  the  east  and  west  sides  of  Long  Sault  Island  at  Cut  F,  and  at  the  right 
abutment  of  Cofferdam  •£' ,  These  deposits  in  general  &re   less  than  10  feet  in 
depth.  The  left  abutment  at  Cofferdam  'E'  is  composed  of  artificial  fill 
material  of  the  present  Cornwall  Canal.  In  Cut  C,  the  overburden  to  a  depth 
of  approximately  20  feat  overlying  glacial  till  is  in  general  soft  silty  clay, 

(d)  The  bed  rock  in  the  vicinity  of  the  sites  for  the  cofferdams 
and  cuts  is  the  sam  formation  and  has  the  same  characteristics  as  de-scribed 

in  paragraph  13-02.  Plate  XII-1  shows  the  rock  contours  as  determined  from  the 
investigations  described  in  Section  XII.  The  bedrock  in  the  vicinity  of  Cut 
'C  and  'G*  is  in  general  at  elevation  l6o  and  is  believed  to  be  bedow  the 
proposed  bottom  elevation  of  these  cuts.  At  cut  F  the  bedrock  is  in  general 
below  170  except  along  the  north  side  where  it  may  rise  a  few  feet  above 
elevation  I70, 

14-08.  AVAILABILITY  AND  CHARACTERISTICS  OF  FILL  MATERIALS  FOR  COFFERDAMS. 

(a)  Earth  Fill>.  -  The  materials  for  the  earth  fills  for  the  cofferdams 
will  be  obtained  from  the  excavation  for  the  cuts  and  from  borrow  areas  shown 

on  Plate  XII-1,  The  earth  fill  material  will  consist  of  well-graded  clayey 
or  silty  gravelly  sand  and  in  general  will  contain  at  least  25  percent  by  dry 
weight  passing  the  No,  200  sieve.  The  material  will  be  sufficiently  imper- 
vious to  prevent  appreciable  seei>age  through  the  cofferdam  above  the  foundation. 
Material  from  the  superficial  surface  deposits  of  clay  and  uniform  sand  which 
occur  in  the  areas  of  the  cuts  will  not  be  used  unless  it  can  be  mixed  with 
more  suitable  material, 

(b)  Rock  Fill..  -  Material  for  rock  fill  will  be  obtained  from 
structure  excavations  and  from  rock  quarries.  During  the  investigations  for 
concrete  aggregates  (see  paragraph  12-03)  all  existing  exposures  of  rock  in  the 
vicinity  were  located.  The  nearest  areas  of  extensive  outcrops  are  in  the 
channel  on  the  north  side  of  Barnhart  Island  and  2^  miles  north  of  Mille  Roche. 
There  are  several  possible  quarry  sites  (accessible  to  a  railroad  in  the  United 
States  within  If  miles.  All  bed  rock  and  boulders  in  the  vicinity  are  con- 
sidered satisfactory  for  rock  fill. 

14-09.  BACKWATER  STUDIES  FOR  DIVERSION. 

(a)  Generals  -  Backwater  computations  were  made  using  friction  values 
(Manning's  'n')  of  0,04  for  open  channels  and  0.025  ^or  cuts.  The  channel  value 
was  based  on  computations  over  an  average  reSch  and  is  in  reasonable  agreement 
with  values  obtained  by  Hugh  L.  Cooper  in  1920,  which  range  from  0,025  to  O.06 
for  specific  short  reaches, 

(b)  Available  data  on  which  to  base  computations  showed  water  surface 
relations  between  gages  at  rather  widely  spaced  intervals  but  did  not  indicate 
local  variations  over  individual  reaches  between  gages.  The  following  para- 
graphs describe  the  computations  made  for  determination  of  water  surface 
elevations  during  the  second  step  diversion. 
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(c)  To  extend  Massena  Supply  Weir  rating  curve  to  above  ^0,000  c.f  .s,, 
elevations  of  weir  crest  and  ice  sluice  were  determined.  This  was  accomplished 
by  plotting  curves  for  various  differences  between  weir  crest  and  ice  sluice 
elevations,  with  the  lowest  point  on  each  curve  representing  water  surface  at 
weir  crest  elevation.  These  were  superimposed  in  turn  on  the  weir  rating  curve 
for  No vember-Dec ember  1923,  at  which  time  the  weir  was  shewn  by  a  St.  Lawrence 
River  Power  Company  curve  to  be  in  approximately  the  same  condition  as  in  1939 • 
It  was  found  that  the  rating  curve  was  fitted  best  by  the  curve  for  9»3  feet 
difference.  Curves  for  greater  difference  were  steeper  and  curves  for  less 
difference  were  less  steep.  With  the  9*5  feet  curve  superimposed  on  the  rating 
curve  the  lowest  point  is  at  elevation  200^,  Therefore  weir  crest  elevation  is 
200^  and  ice  sluice  elevation  is  200,3  -  9»3  or  I9I.O,  Water  surface  elevations 
above  weir  were  then  computed  for  various  discharges  using  equation:   Q,=2,63 
(80(W.  S.fHv-a91..0)  3/2f430(W.S./Hvr-200^)  3/!2f400(W,S-tHv-207,8)3,^). 

(d)  Backwater  curves  were  then  run  from  the  weir  to  Richard's  Bay  for 
each  of  these  discharges,  in  each  case  assuming  20,000  c.f.s,  in  Massena  Power 
Canal,  This  determined  a  rating  curve  at  Richard's  Bay  plotted  against  South 
Sault  discharge  between  Richard's  Bay  and  Massena  Power  Canal,  for  the  "Weir 

in*  condition, 

(e)  Starting  at  elevation  193  "O  a*  Long  Sault  Dam  Site,  backwater 
curves  were  run  up  South  Sault  to  the  mouth  of  Cut  F  for  200,000  c.f  ,s,  and 
280,000  c,f,s,  since  that  part  of  South  Sault  below  Cut  F  carries  the  total 
river  discharge  during  second  step  construction.  From  each  of  these  two  ele- 
vations at  mouth  of  Cut  F,  various  discharges  were  computed  up  South  Sault  to 
Richard's  Bay;  assuming  the  weir  out  and  20,000  c.f.s,  in  Massena  Power  Canal 
in  each  case.  This  determined  two  more  rating  curves  at  Richard's  Bay, 
plotted  against  South  Sault  aischarge  between  nicnard's  Bay  and  Massena  Power 
Canal,  one  for  "weir  out"  with  river  discharge  -  200,000  ci'.s,,  and  one  for 
"weir  oat"  with  river  discharge  •  280,000  c,f  ,s, 

(f)  To  determine  division  of  flow  between  Croil  Island  North  and 
South  Channels,  Discharge  in  Big  Sny  was  computed  for  natural  conditions  for 
total  river  flows  of  200,000  c.f.s,  and  280,000  c,f,s,.,  using  the  water  sur- 
face elevations  at  ga^es  48  and  1^6   taken  from  the  natural  rating  curves  for 
these  two  gages.  These  discharges  were  found  to  be  109..000  c.f.s,  and  170,000 
c.f  ,s.  respectively.  Using  the  corresponding  water  surface  elevations  at 
gage  30  for  natural  conditions  and  the  weir  equation  above-mentioned,  dis- 
charges in  lower  South  Sault  for  natural  conditions  were  then  computed.  These 
were  found  to  be  8,000  c.f.s,  and  23,000  c.f.s,  respectively.  Then  assuaiing 
discharge  in  Massena  Power  Canal  -  20,000  c,f,s,,  for  200, 000c. f ,3,  total 
river  flow  the  discharge  above  ^^as3ena  Power  Canal  -  28, ,000  c.f.s.  and  the 
discharge  in  Long  Sault  North  Channel  z   172,000  c.f.s.  North  Croil  Island 
Channel  discharge  therefore  is  172,000  -  109,000  s  63,000  cj'.s.  and  South 
Croil  Island  Channel  discharge  is  28,000  4   109,000  .  127i000  c.f.s.  For  total 
river  flow  of  280,000  c.f.s.  the  discharge  above  Massena  Power  Canal  -43tOOO 
c.f.s,  and  discharge  in  Long  Sault  Island  North  Channel  s  237»000  c.f.s.  North 
Croil  Island  Channel  discharge  equals  237,000  -  170,000  r  67 ,.000  c.f.s,  and 
South  Croil  Island  Channel  lischarge  •  43,.00a^  170,000  m   213,000  c.f.s. 
Making  adjustments  to  show  more  increase  in  North  Croil  Island  Channel  dis- 
charge with  increasing  total  river  flow,  the  division  of  flow  between  Croil 
Island  North  and  South  Channels  is  taken  to  be  30,000  c.f.s,  and  130,000  c.f.s. 
respectively  when  the  total  river  flow  is  200,000  c.f.s.,  and  80,000  c.f.s 
respectively  when  the  total  river  flow  is  280,000  c.f.s.  Since  these  comp- 
utations were  made  it  has  been  discovered  that  the  division  of  flow  at  the 
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head  of  Croil  Island  was  determined  by  observation  to  be  97»000  c.f.s,  in 
North  Channel  and  153 » 000  c.f.s*  iii  South  Channel  for  a  river  discharge  of 
250,000  c.f.s,  showing  that  the  assumed  division  was  in  error  by  approximately 
11  percent  of  the  total  discharge.  This  error  will  have  a  negligible  effect 
on  the  water  surface  profiles, 

(g)  Starting  from  each  of  the  two  elevations  previously  determined 
at  the  mouth  of  Cut  F  for  total  river  flows  of  200,000  c.f.s,  and  280,000  c.f.s,, 
backwater  curves  were  run  through  Cut  F  for  various  discharges.  In  each  case 
the  velocity  head  was  added  to  the  water  surface  elevation  obtained  at  the 
head  of  Cut  F  to  obtain  the  water  surface  elevation  at  Lock  21,  thereby  as- 
suming that  whatever  velocity  head  exists  at  Lock  21  will  be  consumed  in 
friction  head  between  Lock  21  and  the  head  of  Cut  F.  The  water  surface  ele- 
vation was  assumed  to  be  the  same  at  the  mouth  of  big  Sny  as  at  Lock  21,  there- 
by assuming  that  whatever  velocity  head  recovery  was  obtained  at  the  mouth  of 
Big  Sny  was  consumed  in  friction  heed  between  the  mouth  of  Big  Sny  and  Lock 
21.  Since  the  heads  invdlved  are  small,  these  assumptions  are  not  far  in 
error.  Subtracting  30,000  c.f.s.  or  80,000  c.f.s.  as  the  case  may  be»  for 
North  Croil  Island  Channel  discharge,  the  remainder  was  computed  through  Big 
Sny  and  Little  Sny  to  Richard's  Bay,  assuming  the  velocity  head  to  be  constant 
throughout.  The  elevations  thereby  obtained  at  Richard's  Bay  were  plotted 
against  the  corresponding  discharges  in  South  Sault  between  Richard's  Bay  and 
lilassena  Power  Canal, on  the  same  sheet  with  the  South  Sault  curves.  These 
points  determined  two  curves,  one  for  200,000  c.f.s.  total  river  flow  and  one 
for  280,000  c.f.s.  total  river  flow.  The  intersection  of  each  of  these  curvea- 
with  the  South  Sault  "weir  in"  curve  gives  the  South  Sault  discharge  above 
Massena  Power  Canal  for  200,000  c.f.s,  and  280,000  c.f.s*  total  rivpr  flows 
when  the  weir  is  in.  These  were  found  to  be  38,000  c.f.s,  and  63,000;  c.f.s 
respectively,  or  18,000  c.f.s.  and  43 » 000  c.f.s,  lower  South  Sault  flischarge. 
The  intersdections  of  the  North  Sault  curves  with  the  corresponding  South 
Sault  "weir  out"  curves  gives  the  South  Sault  discharge  above  Massena  Power 
Canal  for  200,000  c.f.s,  and  280,000  c,f,s. total  river  flows  when  the  weir-  is 
out.  These  were  found  to  be  65,000  c.f.s.  and  95,000  c.f.s.  respectively, 
or  45 • 000  c.f.s.  and  75 » 000  e,f .s.  lower  South  Sault  discharge, 

(h)  The  submergence  of  the  ice  sluice  was  found  to  not  exceed  67 
percent  for  any  of  the  conditions  considered, 

14-10,  SPILLWAY. 

(a)  The  primary  criterion  for  the  establishment  of  the  elevation 

of  the  spillway  crest  was  that  it  should  pass  the  maximum  January  flow  (220,000 
c,f  .s.)  at  the  minimiun.  pool  elevation  (elev,  23l)»  The  minimum  pool  of 
231,.0  would  have  oocured  in  January  I936  with  a  flow  of  192,000  under  regula- 
tion plan  number  5.  The  maximum  January  flow  of  221,000  would  have  occurred 
in  January  I862  under  regulation  plan  number  5«  ^  spillway  designed  for  the 
maximum  ultimate  pool  elevation  of  242 ,5 1  ^^^   having  a  crest  elevation  221, 
satisfied  this  criterion  and  the  crest  elevation  was  established  at  elevation 
221» 

(b)  The  crest  curve  of  x?  -  kT^t-  designed  for  21,5  ^oo"t  head,  was 
later  revised  to  xl.82  3  32 ^3y  to  obtain  stability  in  the  section.  This 
reduced  the  discharge  at  elevation  23I  to  211,000  a,f,3,  or  conversely,  raised 
the  headwater  elevation  necessary  to  obtain  a  discharge  of  220,000  by  0,3 
feet» 
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(c)  Spillway  discharge  was  computed  from  the  formula  Q  r  CLeH3/'?^ 
'C  being  a  coefficient  varying  with  the  head  over  the  crest  and  'Le*  being 
the  effective  length.  The  Creager  &  Justin  coefficients,  given  on  page  133 
of  their  Ifydro-Electric  Handbook  were  used.  The  effective  length  (Le)  was 
coniputed  from  the  equation  Le  -  L-(knH),  'k'  being  a  constant  varying  from 
0,03  to  0,10  for  different  pier  nose  shapes  (used  herein  as  0,05)  snd  'n' 
be:'ng  the  number  of  contractions.  The  spillway  rating  curve  is  shown  on 
Plate  XIV- 17  » 

14-11.  STILLING  DEVICES.  -  No  studies  have  been  made  for  the  dimensions 
and  characteristics  of  the  apron  aid /or  stilling  devices  below  the  spill- 
way, although  it  is  anticipated  that  a  simple  bucket  type  apron  will  be 
provided.  In  the  event  that  the  dam  is  approved  for  construction,  model 
studies  will  be  made  to  determine  the  most  satisfactory  apron. 
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ANALYSIS  OF  DESI(2J  IDR  LONG  SAULT  DAM. 

SECTION  XIV 
EXHIBIT  I 

December  18,  1940 

Subject:  Hydraxilic  Data  and  Results  obtained  from  Canadian  Engineers. 

!•  A  considerable  amount  of  work  in  connection  with  compilation  of 
hydraulic  data  has  been  done  by  the  Canadian  Engineers,  particularly  by  Mr. 
Guy  F.  Lindsay  of  the  Department  of  Transport.  This  memorandum  summarizes 
portions  of  the  data  furnished  which  it  is  believed  will  be  of  general 
interest : 

RELATION  EETWEEM  PRECIPITATION  AND  SUPPLIES  TO  1HE  GFOSAT  LAKES 

2.  Description  of  Watershed.  The  drainage  areas,  water  surface  areas 
and  the  equivalent  in  cubic  feet  per  second  per  month  of  one  foot 
storage  of  each  of  the  Great  Lakes  are  as  follows  :- 


Lake 


Drainage 
Area 


sq.  miles 


^ater  Surface 
Area 


sq.  miles 


Equivalent 
of  1  foot 
storage 
per  month 
c.f  *s. 


Superior 
Michigan-Huron 
Erie 
Ontario 

Totals 


80,900 

147.880 

34,680 

34.630 


298,090 


31,820 

45.410 

9,940 

7f^4o 


94.710 


337.300 

481.300 

105,400 

79.900 


1,003,900 


3«     Precipitation.     The  Controller  of  the  Meteorological  Division  of  the 
Air  Services  Branch   of  the  Department  of  Transport  has  prepared 
data  on  the  precipitation  on  the  watershed  of  the  Great  Lakes  ex- 
tending from  1871  to  1938,   inclusive.     In  compiling  this   data,   the 
watershed  was  divided   into  sections,   the   precipitation  in  each 
section  obtained  by  taking  the  mean  of  the  precipitation  reported 
from  all  stations  in   the  section,  and  the  precipitation  on  the 
total  watershed  was  baaed  on  the  weighted  mean  of  that   in  each  section* 
The   total  number  of  stations   from  which  records  were  available 
varied  from  22  in  I87I  to  177  in  1919. 

4.  Table  No.   1,  attached  hereto,   shows   the  total  precipitation  for  each 
climatic  year,   i.e.,  November  1  to  October  31.   from  I87I   to  1938» 
This   is  also  shown  in  diagrammatic   form  on  Diagram  No.  2190.     The 
total  annual  precipitation  has  varied  from  a  maximum  of  39 •69  inches 
in  1879-80  to  a  minimum  of  25.90   inches  in  1894-95 •     The  average 
over  the  whole   period  has  been  at  the  rate  of  31*22  inches. 

5.  Supply .     The  annual  net  supply  to  the  entire  Great  Lakes  System, 
from  I860  to  1939,  has  varied  from  a  maximum  of  339.000  c.f.s.   in 
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6. 


8. 


1873  ^'^  a  Efdaimum  of  149»000  c.f.s.   in  1895 f  with  an  average  for 
the   entire  period  of  238,000  c.f.s. 

The  seasonal  variation  in  supply  swings  between  wide  limits, 
being  highest  in  the  spring  months  and  lowest  in  the  fall.     The 
average  monthly  net  supply  by  months,   from  i860  to  1939t   lias   been 
as   follows  : 


Spring  and  Summer 


Jiall  and  TTinter 


March 

-     373f000  c.f.s. 

Augus  t 

. 

165,000  c.f.s 

Apr  a 

-     530,000 

n 

September 

- 

83,000       • 

May 

-     532.000 

« 

October 

- 

40 ,000        • 

June 

-     423^000 

a 

November 

- 

28,000        • 

July 

-     290,000 

■ 

December 

- 

64,000        • 

- 

.    January 

- 

113,000        • 

February 

- 

215.000        • 

Avertge-     430,000   c.f.s, 


Ave  rage 


-     101,000  c.f.s. 


The  maxiOT-ui  monthly  net  supply  ^es  at  the  rate  of  829,000  c.f.s. 
during  ii5ay,   „9l6.     During  November  .''.367,   the  draw   on  storage   in 
the  lakes  was  175*000  c.f.s.   in  exc.ss  of   the  net  supply. 

Relation  between  Net  Supply  and  Precipitation.     The  period  from 
1871  to  1938  has  been  divided   into  the  periods  from  which  the   follow- 
ing data,   snowing  the  relation  between  supply  and  precipitation  to 
the  Great  Lakes,  has  been  deduced. 


Period 


Period 


1871  to  190 S  1905  to  1938 


Average  annual   net  supply 
Total  annual  precipitation 

«  II  K 

Net  supply  as  percent  of 
precipitation 

REGULATlOlNJ  OF  LAKE  ONTARIO 


242,000   c.f.s. 

31.99  inches 
702,000   c.f.s. 


229. COO  c.f.s. 

30.43  inches 

666,000  c.f.s. 

34.3? 


9«      "A  number  of  studies  have  been  made  by  several  engineers  on  the 
regulation  of  Lake  Ontario  in  connection  with  the  development  of  power  on 
the  St.  Lawrence  and  these   studies  **♦•♦♦  show  that  the   benefit   to 
power  opeitition  obtained  by  any  of  them  is  not  great."    (Joint  Board  Report 
1926.) 

10.     Ur »  Lindsay,   in  his  recent  studies,  used  the  same   basic  data  as 
the  Joint  Board,   increasing  the   net  supply  as   computed  by  10,300  c.f.s.   to 
c<vnpensate  for  the  reduction  of  the   diversion  at  Chicago  from  8,500  c.f.s. 
(assumed  by  the  Board)   to  3.200  c.f.s.    (present  diversion)   and  the  addition 
of  5.000  c.f.s.   from  tne  Ogaki  River  and  Long  Lac  watersheds  into  Lake 
Superior  as   contemplated   by  Ontario.     Mr.  Lindsay  also  used  the   "Discharge  - 
Stage  Relation  -  ships"  for  the  various  locks    (copies   of  which  were  attached 
to  a  memorendiim  from  Mr.  Lindsay  to  the  District  Engineer,  dated  September, 
1940)   and  data  obtained  from  the  U.  S.  Lake  Survey  water-levels  at  oswego 
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referred  to  the  1935  datum. 

The  following  essential  requirements  for  the  regulation  of  Lake 
Ontario  were  used  by  the  Joint  Board i 

(a)  To  keep  the  fluctuations  of  the  levels  of  Lake  Ontario 
within  the  levels  that  it  has  had  in  the  past. 

(b)  To  maintain,  without  impairment,  the  low  water  levels 
of  Montreal  Harbour. 

(c)  To  maintain  low  flows  during  the  winter  period  December 
15  to  March  31»  in  order  that  the  difficulties  of  winter  operation 
may  not  be  aggravated . 

(d)  To  maintain  flows  during  the  first  half  of  April  no 
greater  than  would  naturally  occur,  in  order  to  avoid  the  danger 
of  aggravating  the  spring  rise  during  the  breakup  of  the  ice 
below  Montreal. 

(e)  To  avoid  any  material  increase  in  the  amount  and  duration 
of  the  high  discharges  during  May  in  order  not  to  aggravate  high 
water  heights  in  Lake  St.  Louis  during  the  Ottawa  floods. 

(f)  To  hold  back  the  natural  excess  outflow  during  the  early 
summer  months,  in  order  to  raise  the  ordinary  levels  of  Lake 
Ontario. 

(g)  To  secure  the  maximum  dependable  flow  throughout  the  year 
for  power  operation. 

To  these  requirements  Mr.  Lindsay  added  the  following  additional 
one  t 

(h)  To  keep  the  fluctiiation  in  monthly  mean  discharges  within 
the  limits  as  existed  in  nature. 

11.  Rule  curves  were  established  for  various  operation  schedules  and 
applied  to  conditions  as  existing  in  the  past  in  an  attempt  to  meet  all  re- 
gulation requirements  but  in  general  it  was  found  that  one  requirement  could 
be  completely  satisfied  only  at  a  sacrifice  in  the  degree  to  which  others  were 
met.  of  all  the  schedules  and  variations  studied,  the  adopted  schedule, 
identified  as  Method  No.  S*   seemed  to  best  meet  all  requirements. 

12.  By  the  application  of  Method  No.  5  to  the  corrected  values  of  the 
net  supply,  Mr.  Lindsaj'-  has  computed  monthly  mean  discharges  and  lake  levels 
for  the  period  i860  to  1939*  On  Plate  A  are  shown  the  Discharge  Duration 
Curves,  Curve  A  being  for  natural  Conditions  and  Curve  B  for  requlation  under 
Method  No.  5* 

The  mean  and  extremes  compared  with  actual  is  as  follows: 


Regulated  Method  No.  5 


Actual 


Mean  discharge 

Minimvim  monthly  discharges 

Maximum   *        » 

Mean  lake  level 

Minimum  monthly  mean 

Maximum  monthly  mean 


242,000  c.f.s. 

180,000       •      (Nov.   1939) 

310.000        • 

246.43  ft. 

244.73  ft. (Nov.  1934) 

249.10  ft. (May  1870) 


237,000  c.f.s, 
144,000       • 
314 ,000        " 

245.96  ft. 
242.68  ft. 
249.02  ft. 
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BACKtfATER  CALCULATIONS  AND  HYDRADLICS 

13,  ^ckwater  computations  have  been  made   for  both   open  water  and 
ice   conditions   to  determine    the   slope  required  for  a  given  discharge   and 
lake  level,  and   from     this    information  and   the   regulated  flow,  according  to 
Method  No.  5»   "the   head   and  tailwater  elevations   and  the  head   and   power 
available  have  been   calculated  for  each  month  from  1860  to  1939*     This   in- 
formation has  been  suicmarized  in  the  form  of  curves  en  the  attached  sheets: 

Plate  B.      "Power  and  Head  Duration  Curves". 

Plate  £.      "Envelope   of  Minimum  and  Maximum  Heads  and  Power  available 
for  various  Discharges  and   Percent   of  Time". 

14.  Profiles   indicating  natural  water  surface   profiles  and   the  extremes 
of   tiie  calculated  backwater  profiles  are   shown  in; 

Plate  D.      "Tentative  Backwater  Profiles". 

15.  In  computing  the  available  head  during  the  winter  months,    it  was 
necessary  to  make   certain  assumptions  as   to  ice   conditions   and  effects   of  ice 
conditions.     Mr.  Lindsay  assumed   "that   the  backwater  slopes  during  January 
and  February  would  be   those  resulting  from  ice  cover  conditions;   during 
April  to  December  15th   open  water  conditions;   and  during  March  and   the  second 
half  of  December  the   average  of  open  water  and  ice   cover  conditions. 

16,  "It  was    (also)  assumed    (by  Mr.  Lindsay)   that  during  January  and 
February  the    oailwater  levels  would   rise  5  feet  above  open  water  conditions 
and  during  March  and  the   second  half  of  December  tailwaters  would  be  an 
average  of  open  and  ice   conditions.     Plate   E  shows  the  tailwater  curve  for 
both  open  water  and  for  assumed   ice   cover  conditions." 
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PLAN  OF  EXPLORATION  S  ROCK   CONTOURS 

SOILS     &    FOUNOATIONS   EXPLORATIOM 


_U" 


Ufitfl 


U.  S.  ENGINEER  OFFICE.  MASSENA,  NEW  YOIIK 


LONG  SAULT  DAM  SITE 
RESULTS  OF  MOISTURE  CONTENT  DLTERI.IINATIUNS 


Drill 

Water  Content 

Drill 

Water  Content 

Hole 

Sanrole 

Elev. 

%   Dry  Weight 

Hole 

Sample 

Elev. 

%   Dry  Weisht 

D-1059 

1 

165.7 

12.8 

D-1239 

1 

219.4 

6.0 

2 

161.7 

8.7 

2 

213.0 

8.4 

3 

155.3 

9.9 

3 
4 
6 

205.2 
200.3 
190.0 

8.7 
9.5 
9.1 

B«ll^^ 

1 

217.4 

6.9 

8 

179.8 

8.3 

2 

212.5 

7.2 

9 

173.8 

8.7 

4 

203.2 

6.4 

10 

167.3 

5.7 

6 

190.2 

7.5 

11 

160.0 

3.7 

D-1332 

3 
4 

178.0 
171.3 

11.1 
8.3 

D.1134 

1 
2 

223.1 
218.5 

10.4 
9.5 

3 

205.2 

10.5 

D-1333 

1 

188.7 
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PART  TWO 


LONG  SAULT  DAM 


ESTIMATE  OF  COST 


Appendix  111-22(3) 


LOMG  SAULT  DAM 
Estimate  of  Cost  -  March  18,  1942 


SUMMARY 


1.  General  Contract  $8,857,975 

2.  Materials  &  Equipment  7,712,485 

$16,570,460 
3»     Engineering  &  Contingencies  ISjg-  2,982,540 

Total  Cost  $19,553,000 


LONG  SAULT  DM 
Estimate  of  Cost  -  March  18,  1942 
Bid  Itemb 


Item 

No. 

t 

t                     Designation 

:  Unit 

:     Q,uantity 

Unit 
[Price  $ 

Amount 
$ 

1 

t  Excavationj  Crib  Footing 

'Cu.Yd. 

'-         65,900 

'       2.50 

'  164.750 

■ 

2 

Timber  Cribs 

'M.B.M. 

•              5.200 

•'  100.00 

:  520.000 

3 

Crib  Sheathing   (Bulkhead) 

Sq.Ft. 

•           13,800 

:     '"^^ 

1 

'     10,350 

4 

'  Steel  Sheet  Piling 

i        «             R 

'         44,200 

:        1.50 

* 

!        66,300 

5 

Crib  Fill 

'Cu.Yd. 

118,200 

•        1.50 

•        177,300 

I 

6 

'  Earth  Fill;  Cofferdams 

•    «      ■ 

310 ,000 

.50 

1 

i        155,000 

7     ' 

Rock  Fill;  Cofferdams 

•       a 

26,500 

2.50 

i           66.250 

8     i 
1 

Riprap  J  Cofferdams 

«       a 

'       15,700 

2.00 

i           31,400 

9     - 

Derrick  Stone;  Cofferdams 

Ton 

'          5,000 

5.00 

!           25.000 

10     . 

Cofferdam  Removal 

Cu.Yd. 

'       376,800 

.50 

188,400 

11    •' 

Unwatering  Cofferdams 

AcreFt 

I        56,000 

6.00. 

336.000 

12      . 

Excavation;   Diversion  Cuts,  Earth 

Cu.Yd. 

3,310,000 

'35'^ 

1,158,500 

13    ■ 

Excavation;  Diversion  Cats,  Bock 

a       a    i 

5,000 

2.00. 

10.000 

14    i 

Fill;  Massena  Weir,  Rock 

«       a    i 

6,500! 

5.00. 

32,500 

15     ; 

Excavation;  Massena  Weir                        ' 

a       a    3 

35,  COO « 

5.00 

* 

175,000 

16     •' 

Stoplogs ;  Concrete                                    ' 

•       a    i 

1.180: 

1 

30.00 

35,400 

17     ' 

Diversion  Gates;  Operation  and           ' 
Maintenance                                               ' 

Sum  ' 

Job          '• 

300  ,000 

18 

:  Excavation;   Common 

:Cu.Yd. 

:            490,000 

.50 

J    245.000 

19 

:  Excavation;   fock 

.    a       a 

}             80,000 

!        2.00 

!        160,000 

20 

!  Excavation;   Borrow 

.    a       a 

J          180.000 

.30 

»     54,000 

21 

• 

:  Line  Drilling 

s 
:Sq.Ft , 

{             45,000: 

1.00 

45 ,000 

Item 
No. 


Dssigpatlon 


> 

,  nnit 

I                     J  Unit 

1    qimntity  .Pr1r«    t 

>  Amotint     1 

:Lin.Ft. 

i 

;      17,400 

»       5.00 

1      87 ,000 

:    *        t 
1 

5       7.500 

:     10.00 

75.000 

:   ^.       • 

8          1,000 

:     10.00 

10,000 

Rock 

:    «         * 

:        6i;,T500 

:       5.00 

!  320.000 

Concrete   "        " 

!       5,000 

:       2.50 

:     12.500     1 

•Cu.Ft. 

40,000 

:        1.00 

1      40.000 

sEach 

:                930 

2.00 

!        1.860 

•Cu.Yd. 

:      130 ,000 

.50 

65.000 

«      « 

:      175 .000 

.12 

21 .000 

■      « 

:      280 ,000 

:           .121 

33.600 

Square 
(lOOsf] 

I      100 ,000 

:           .02. 

2.000 

Cu.Yd.. 

16.700 

2.00 

33.400 

a      ■    , 

12,400 

3.00 

.     37.200 

■          R 

22.400 

2.50 

:     56,000 

,       «         ■ 

6.600. 

1.75! 

11.550 

Sq.Yd. 

66 .000 

.27i 

17,820 

Acre  . 

6i 

500.00: 

3.000 

1 

* 

4= 

250  .00: 

1.000 

Cu.Yd.: 

17  .500: 

1 
10.00: 

175,000 

1 

41,000: 

6.00: 

246.000 

«      ■   : 

525. 000: 

5.00. 

2,625,000 

t  Cu.Ft.i 

1                      : 

2.000 

:          .50 

J        1,000 

: 

s 

2.000t 

.25 

t        500 

:Lin.rt 

I        31.300 

: 

J        1.00 

:      31.300 

iCu.Ft. 

:          1.700 

i        1.50 

i        2,550 

22 
23 
24 
25 
26 

27 
28 

29 
30 
31 

32 

33 
3k 
35 
36 
37 
38 
39 


Drilling  3*  Exploratory  Holes 

Drilling  6"  Holes 

Drilling  6»  Concrete  Cores 

Drilling  Foundation  Grout  Holes  In 

Drilling  Foundation  Grout  Holes  in 

Pressuie  Grouting 

Core  Boxes 

Excavation;  Railroad  &  Highway 

Fill;  Railroad  &  Highway 

Earth  Fill ;  Compacted 

Additional  Compaction 

Filter 

Riprap,  Dtunped;  Class  A 

Kiprap.  Dumped;  Class  6 

Sand  &  Gravel  Backing 

Road  Surfacing 

Seeded  Top  Soil 

Seeding 


40  <  Concrete ;  Class  A 

41  *  Concrete;  Claas  B 

42  •  Concrete;  Class  C 

43  J  Rock  Flour  in  Grout 

44  :  Sand  in  Grout 

45  i   Drains;  Porpus  Concrete 
t 

46  :  Special  Bituminous  Filler,  Type  C 


Itemt 

:  Unit 

:     Amount 

No. 

:                       Designation 

:  Unit 

:   O.uantity 

:Price   $ 

:           $ 

47 

t 

•  Steel  Erection;  Structural 

:  Lb. 

!  7.500,000 

:        .03 

225 ,000 

48 

Steel  Erection;  Concrete  Reinforcing 

i    • 

:  5,000,000 

!            .025 

•  125,000 

49 

Steel  Rails;  Placing 

• 

781,000 

:         .015 

11.715 

50     ■ 

Spillway  Gates;  Erection 

i    • 

■14.605,000 

.02 

292,100 

51    ' 

• 

Gantry  Cranes  &  Fixed  Hoists;  Erection 

•  Sum 

Job 

50,000 

• 

52      ■ 

Steel  Forgings;  Miscellaneous 

:  Lb. 

2,500 

.30 

750 

53     ; 

Steel,  Structural;  Miscellaneous 

5.000 

.18    ' 

900 

54     • 

Iron;  Cast 

40,000 

.16 

6,400 

55    ' 

Pipe;  Cast  Iron 

38,000 

.15 

5.700 

56     ' 

Pipe;  Wrought  Iron 

37.000 

'    .25 

9.250 

57     ; 

Pipe;  Black  Steel,   8" 

65,300 

.15 

9.795 

58     : 

Pipe;   Black  Steel,  Miscellaneous 

2,000 

.15  < 

300 

59     ; 

Pipe;  Concrete,  Halved 

Lin. Ft . 

5,600  i 

.20    . 

1,120 

60     '■• 

Culverts;   24" 

«      •    : 

575; 

4.50    . 

2,588 

61     i 

Culverts;   36" 

N          R 

600: 

7.00    : 

4,200 

62     ■ 

Babbitt 

Lb. 

46,000: 

.50    : 

23.000 

63     " 

Bronze;  Castings 

M 

3.400. 

1.00    . 

3.400 

64     '- 

Copper;  Sheet                                                       : 

• 

930  = 

.40    : 

372 

65 

Corrugated   Iron;  Water  Stop                          s 

« 

73.000: 

.15    • 

10,950 

66    i 

Doors  &  Windows ;  Steel                                      : 

• 

• 

4,6ooi 

.20    : 

920 

67    \ 

Highway  Guard  Rail                                               : 

• 

Lin. Ft; 

29,000: 

1.25    • 

36,250 

68     : 

Handrailing;  Steel  Pipe  2" 

(   «      * 

:             6,300 

:       3.00 

:      18,900 

69 

:  Handrailing;  Steel  Pipe  1-1/2* 

.    n       « 

:                 600 

.      2.50 

\        1.500 

70 

:  Floor  Grating;  Steel 

:   Lb. 

:          55  .000 

:         .15 

:        8,25c 

71 

:  Safety  Treads 

•    " 

8,300 

.20 

1,660 

Item: 

No. 


DesigpatioD 


72  i   Scuttles 

73  '  Roof  Ventilators 

74  «  Flag  Pole 

75  '   Glass  Brick 

76  ''   Conduit,-  Metal 

77  •  Electrical  Grounding  System 

78  !  Bubbler  Pipes 

79  '   Gallery  Drains 

80  :  Poof  Drains 

81  !  Roof  Surfacing 

82  :  Rolled  Gravel  Siu-face 

83  •  Flagstone  Steps 

84  •  Stone  Wall 

85  •  Gravel 

86  ;  Ballast' 

87  '•   Cross  Ties 

88  :  Track  Laying 

89  '   Field  Office 

90  :  Field  Office  Extension 


i 

'   Unit 

t 

:     Quantity 

i 

:Price  $ 

:     Amount 

: 

5  Each 

'                    2 

i  50.00 

:         100 

t 

:                     6 

:  50.00 

:          300 

N 

i                      6 

> 

:200 .00 

:     1.200 

»Sq.Ft. 

kko 

:     2.00 

i         880 

:     Lb. 

30,000 

;        .25 

':     7.500 

:  Sum. 

Job 

:     1,200 

!  Each 

:                 120 

1 

:  20.00 

:     2,400 

1 

9 

:  200 .00 

:      1,800 

a 

6 

!  50.00 

:          300 

'Square 

aoosf 

:,Sq.Td. 

8  . 
15.300 

20.00 
.25 

'i          160 
'••     3.825 

.    *      •    : 

50 

.60 

':             30 

•Cu.Yd.s 

120 

9.00 

.     1,080 

■      •   t 

35.000 

.90 

31.500 

•          N 

11 ,700 

2.50    . 

29.250 

Each    « 

11,000  i 

2.00    : 

22,000 

TrackFI 

19.600  J 

1.50    : 

29.400 

Siun     • 

Job             : 

4,500 

• 

Total  Cost 

$8, 

3.100 

857.975 

LONG  SAULT  DM 
Estimate  of  Cost  -  March  18,  192*2 
Materials  and  Equipment  Furnished  by  the  Government 


Item 

No. 

: 

:                                Designation 

:     Unit 

i 

:      Quantity 

'     Unit 
!  Price  i 

:     Amount 
$ 

1 

'•  Fine  Aggregate 

'  Ton 

i 

•        430.000 

1.25 

•       537,500 
t 

2 

'  Coarse  Aggregate 

t 

! 

'        925 ,000 

;      1.10 

•  1,017,500 

3 

•  Portland  Cement 

Bbl. 

642 ,000 

2.50 

'  1,605,000 

h 

Structural  Steel 

Lb. 

7,500,000 

.07 

:        525.000 

5 

Reinforcing  Steel 

9 

5,000.000 

'        .04 

200  ,000 

6     i 

Steel  Rails  &  Accessories 

■ 

781 .000 

=        .06 

46,860 

7     ' 

Spillway  Gates 

R 

14,605,000 

;         .125 

•   1.825,625 

8 

Gantry  Cranes 

Each 

2 

'  200,000 

400  ,000 

9     •' 

Fixed  Hoists 

R 

18 

'     40,000 

•        720 ,000 

10     . 

Cofferdam  Timber 

M.B.M.  • 

5.200 

100.00 

520  ,000 

•11     . 

Electrical  Contract 

Sum 

Job 

200.000 

12     i 

PasseiTger  Elevator                              ' 

« 

R 

15  ,000 

♦•13      : 

Miscellaneous  Equipment 

• 

R                  1 

100,000 

Total  Cost 

•Includes  electrical  substation  and  power  line,  wiring,  conduits, 

gate  hoist  controls  and  indicators,  heaters,  etc. 

•♦Includes  water  supply,  ventilating  equipment,  telephone  equipment, 
gauges,'  tools,  spare  parts,  supplies,  etc. 


$7,712,485 
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This  appendix  consists  of  three  parts  as  follows: 

PART  ONE  -  GENERAL  SPECIFICATIONS. 

PART  TWO  -  SPECIFICATIONS  for  TURBINES  and 
GOVERNORS. 

PART  THREE  -  SPECIFICATIONS  FOR  GENERATORS. 


Appendix  III-g4Cg) 


PART  ONE 


BARNHART  ISLAND  POWERHOUSE 


GENERAL  SPECIFICATIONS 


Appendix  111-24.(2) 


lavitatioa  No. 


No.  Bidder 


(Do  not  write  above  this  line) 

STANDARD  G07■ERN^!ENT  FORM  OF  INVITATION  FOR  BIDS 

(C0NS1RUCTI0N  CONTRACT) 

WAR  DEPAROMiiNT 
UNITED  STATES  BNGINEER  OFFICE 
MASSENA,  NEW  YORK 
.  1941 

1.  y^FALFT)  BTTy^,  i^  duplicate,  subject  to  the  conditions  contained 

herein,  will  be  received  until  2:00  p.m.  fi.S.T.,  and  then  publicly 

opened  in  the  United  States  Engineer  Office,  Massena,  New  York,  for  fur- 
nishing all  labor,  plant,  and  materials,  and  performing  all  work  for  the 
construction  of  Barnhart  Island  Power  House,  on  the  St.  Lawrence  River, 
about  8  miles  northeast  of  the  village  of  Massena,  I^ew  York,  all  as  indi- 
cated on  the  drawings  or  required  by  the  specifications. 

2.  SPECIFICATIONS  AND  PLAJB  . 

(a)  The  work  shall  be  done  in  strict  accordance  with  the  specifi- 
cationd  and  drawings  which  are  designated  as  follows: 

(1>  Barnhart  Island  Power  House,  specifications. 
(2)  The  drawings  which  will  became  a  part  of  this  contract 
are  designated  in  paragraph  I-04  of  the  specifications. 

(b)  Where  copies  of  drawings  are  requested,  a  deposit  of  twenty- 
five  dollars  ($25 -OO)  will  be  required  to  insure  their  return.  The  deposit 
should  be  in  the  form  of  a  United  States  money  order  or  a  certified  check 
made  payable  to  "The  Treasurer  of  the  United  States."  The  deposit  will  be 
refunded  upon  the  return  of  the  plans  in  good  condition  within  30  days  after 
date  of  ox>ening  bids. 

3.  INyESTIGATION  OF  CONDITIONS.  -  Bidders  are  expected  to  visit  the 
locality  and  site  of  the  work,  and  to  make  their  own  estimates  of  the  faci- 
lities needed,  and  the  difficulties  attending  the  execution  of  the  proposed 
contract,  including  local  conditions,  availability  of  labor,  uncertainty  of 
weather,  and  other  contingencies.   In  no  case  will  the  Govei^nment  assume  any 
responsibility  whatever  for  any  interpretation,  deduction,  or  conclusion 
drawn  from  the  examination  of  the  site.  At  the  bidder's  request,  a  representa- 
tive of  the  Grovernment  will  point  out  the  site  of  the  proposed  operation. 
Failure  to  acquaint  himself  with  all  available  inforiuation  concerning  these 
conditions  will  not  relieve  the  successful  bidder  of  assiiming  all  responsi- 
bilities for  estimating  the  difficulties  and  costs  of  successfully  performing 
and  completing  the  work.  (See  paragraphs  1-18  and  1-19  o^  "the  specifications. 

4.  WAGE  AND  LABOR  PRCWISIONS.  -  Wage,  labor,  and  anti-discrimination 
regulations  will  be  as  specified  in  paragraph  I-38  of  the  specifications  and 
Articles  XI  (Revised),  17f  and  19  (Revised;  of  the  contract.  Attention  of 
bidders  is  invited  to  War  Department  labor  policy  for  defense  construction 
projects  set  out  in  memorandum  of  agreement  approved  July  22,  1941*  Success- 
ful bidders  will  be  expected  to  adhere  to  provisions  of  the  agreement,  copies 
of  irtiich  are  on  file  at  the  office  of  District  Engineer,  U.  3.  J^ngineer  uffice, 
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Massena,  New  York. 

5.  DOMESTIC  PREJERENCg.  -  Articles  on  the  preference  for  domestic  arti- 
cles will  be  mede  a  part  of  the  contract.   (See  paragraph  1-35  of   the  specifi- 
cations.) 

6.  ARTICLES  ON  PATENTS  will  be  made  a  part  of  the  contract.  (See  para- 
graph I-30  of  the  specifications.; 

7.  COMMENCEMENT  AND  COMPLETION.  -  The   work  shall  be  ccHmenced  within 

calendar  days  after  date  of  receipt  of  notice  to  proceed  and  shall  be 

completed  within  calendar  days  after  date  of  receipt  of  notice  to 

proceed,  in  accordance  with  the  provisions  of  paragraph  I-06  of  the  specifi- 
cations. 

8.  EXTENSION  OF  TIME  FOR  COMPLETION  OF  CONSTRUCTION  FOR  DELAYS  PUS 
NATIONAL  DEFENSE  PR  TOR TTTKS  will  be  made.   (See  paragraph  I-O6  (c)  of  the 
specifications .) 

9.  LIQUIDATED  DAMAGES  for  delay  will  be  prescribed.  (See  paragraph 
I-06  of  the  specifications.) 

10.  PARTIAL  PAYMENTS  will  be  made.   (See  paragraph  I-08  of  the 
specifications  and  Article  I6  of  the  contract.) 

11.  ADJUSTMENT  OF  CONIIUCT  PRICE  by  reason  of  change  in  Federal,  State, 
and  local  taxes  will  be  made.   (See  paragraph  1-42  of  .the  specifications.) 

12.  ADJUS1MENT  OF  H^ICES  FOR  LABOR  AND  MATERIALS.  Adjustment  of  prices 
in  accordance  with  basic  increase  or  decrease  of  costs  of  labor  and  materials 
will  be  made  as  provided  in  paragraph  I-46  of  the  specifications. 

13.  ESTIMATES  OF  COST.  -  Bidders  are  informed  that  the  Government  will 
prepare  an  estimate  of  the  cost  of  construction  of  the  work  required  by  the 
specifications  for  comparison  with  the  bids. 

14.  REPORTS  TO  THE  DKPAR1MENT  OF  LABOR.  -  In  order  to  assist  the 
Department  of  I^bor  in  obtaining  employment  statistics,  bidders,  unless  other- 
wise indicated  in  their  bids,  will  be  considered  as  having  voluntarily  consent" 
ed,  without  cost  to  the  Government,  to  the  inclusion  of  paragraph  1-39  of  the 
specifications  as  a  part  of  the  contract. 

15.  BID  AND  CONTRACT. 

(a)  Bids  must  be  submitted  upon  the  standard  Government  form  of 
bid,  and  the  successful  bidder  will  be  required  to  execute  the  standard 
Government  form  of  contract  for  construction  (U.  S.  Standard  Form  No.  23). 
Bidders  are  advised  that  Article  41  (a)  of  U.  3.  Standard  Form  No.  23  has 
been  revised  to  permit  laborers  and  mechanics  to  work  more  than  8  hours  per 
day,  provided  overtime  compensation  at  a  rete  of  pot  less  than  1-1/2  times 
the  basic  rate  of  pay  is  paid  for  all  working  time  of  each  laborer  or  mechanic 
in  excess  of  8  hours  in  any  one  day.  Also  Article  19»  Nonrebate  of  U.  S. 
Standard  Form  No.  23,  is  revised  to  reed  as  follows,  and  the  contract  to  be 
entered  into  as  a  result  of  this  invitation  will  be  altered  accordingly: 
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•ARTICLE  19.  Nonrebate.   (a)  The  contractor  shall  furnish  to  the 
Government  representative  in  charge  at  the  site  of  the  work  covered  by  this 
contract,  or  if  no  GovernrLient  representetive  is  in  charge  at  the  site,  shall 
mail  to  the  Federal  agency  contracting  for  the  work,  within  7  days  after  the 
regular  payment  date  of  each  and  every  weekly  pay  roJLl,  an  affidavit  in  the 
form  prescribed  by  regulations  issued  by  the  Secretary  of  Labor  and  published 
in  the  Federal  Register  of  March  1,  19^1.  6  F.  R.  1211,  or  any  modification 
thereof  pursuant  to  the  act  of  June  I3,  193^.  48  Stat.  9^8  (U.  S.  Code  title 
40,  sections  276b  and  276c),  sworn  to  by  the  contractor  or  the  subcontractor 
concerned  or  by  the  authorized  officer  or  employee  of  the  contractor  or  sub- 
contractor supervising  such  payment,  to  the  effect  that  each  and  every  person 
employed  on  the  work  has  been  paid  in  full  the  weekly  wages  shown  on  the  pay 
roll  covered  by  the  affid£-vit,  that  no  rebates  have  been  or  will  be  made 
either  directly  or  indirectly  to  or  on  behalf  of  the  contractor  or  such 
subcontractor  froiu  the  full  weekly  wages  earned  as  set  out  on  such  payroll; 
and  that  no  deductions,  other  than  permissible  deductions  as  defined  in  the 
said  regulations  pursuant  to  said  act  of  June  13t  1934.  £Dd  as  described  in 
iaid  affidavit,  have  been  or  will  be  made,  either  directly  or  indirectly, 
fi^iL  the  full  weekly  wages  earned  as  set  out  on  such  pay  roll. 

"(b)  The  contractor  shall  comply  with  all  applicable  requirements 
of  the  said  regulations  of  the  Secretary  of  Labor  under  the  act  of  June  I3, 
1934 «  Slid  the  requirements  of  this  article  of  the  contract  shall  be  subject 
to  all  applicable  provisions  of  such  regulations. 

"^c;  The  contractor  shall  cause  appropiate  provisions  to  be  in- 
serted in  all  subcontracts  related  to  this  work  to  insure  fulfillment  of  the 
requirements  of  this  article." 

(b)  The  bid  form  has  an  entry  for  each  item  on  which  estimates 
will  be  given  or  payments  made,  and  no  other  allowance  of  any  kind  will  be 
made  unless  specifically  provided  for  in  the  specifications  or  the  contract, 
or  adjustments  under  Article  3  of   the  contract. 

(c)  All  bids  must  be  for  the  entire  work  and  must  have  each 
blank  filled. 

(d)  The  quantities  of  each  item  of  the  bid  as  finally  ascertained 
at  the  close  of  the  contract,  in  the  units  given,  and  the  unit  price  of  the 
several  items  stated  by  the  bidder  in  the  accepted  bid,  will  determine  the 
total  payments  to  accrue  under  the  contract.  The  unit  price  bid  for  each 
item  must  allow  for  all  collateral  or  indirect  cost  connected  with  it. 

16.   DATA  TO  BE  SUBMITTgD  WIIH  BIDS. 

(a)  All  bids  submitted  must  be  accompanied  by  a  statement  estab- 
lishing that  the  bidder  maintains  a  permanent  place  of  business  and  has  a 
suitable  financial  status  to  meet  obligations  incident  to  the  work.   (See 
paragraph  3  of  the  bidding  schedule.)  In  addition,  each  bidder  shall  submit 
with  his  bid  the  statement  of  plant,  drawings,  charts,  and  other  information 
and  data  required  below.  These  data  shall  be  carefully  prepared  and  presented 
in  neat  and  legible  form  on  tracing  paper  or  tracing  cloth  so  that  reproduc- 
tion may  be  .iiade  therefrom.  These  data  are  considered  essential  in  enabling 
the  contracting  officer  to  determine  whether  the  bidder  is  responsible  and 
experienced  in  similar  types  of  construction  and  whether  the  bid  is  based  on 
a  careful  study  of  construction  methods  applicable  to  the  work  and  full  reali- 
zation of  the  various  factors  which  may  affect  the  progress  of  the  work. 
Award  of  this  contract  shall  not  be  construed  as  a  guarantee  by  the  Goveinment 
that  the  materials,  equipment  or  supplies  listed  in  the  bidding  schedule  are 
approved. 
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(b)  Each  bidder  shall  state  in  the  space  provided  in  the  bidding 
schedule  a  brief  description  of  the  character  of  the  work  previously  executed 
by  him  and  the  locations  of  the  major  projects.  After  the  bids  are  opened, 
any  bidder  may  be  required  by  the  contracting  officer  to  state  whether  he  is 
now  or  ever  has  been  engaged  on  any  construction  work  similar  to  that  proposed, 
the  year  in  which  it  was  done,  and  the  manner  of  its  execution,  and  to  give 
such  other  inforiaation  as  will  tend  to  show  his  ability  to  prosecute  vigorous- 
ly the  work  required  by  these  specifications.   (See  paragraph  2  of  the  bidding 
schedule.) 

(c)  Drawings  shall  be  submitted  indicating  the  plant  lay-out  the 
bidder  proposes  to  utilize  on  the  work.  The  drawings  shall  clearly  indicate 
the  location  and  manner  of  anployment  of  the  various  major  items  of  the  plant. 
They  shall  include  the  location,  construction,  and  height  of  each  cofferdam 

if  contractors  plan  differs  from  contracting  officers  plan,  the  arrangement 
of  the  plant  for  the  handling  of  materials,  and  the  manner  in  which  excavation 
and  disposal  of  the  excavated  materials  will  be  made.  They  shall  also  include 
the  location  of  all  material  yards  and  the  transportation  facilities,  as  well 
as  the  location  of  the  mixing  plant  and  the  manner  in  which  concrete  materials 
will  be  handled  and  concrete  transported  and  placed  and  metalwork  erected. 
The  plant  lay-out  shall  be  accompanied  by  a  complete  list  and  description 
inserted  in  the  space  provided  therefor  in  the  bid  form,  of  all  plant  that 
the  bidder  now  has  or  will  have  available  for  commencing  and  prosecuting 
this  work,  and  its  location  at  the  time  of  opening  bids,  in  order  that  it  may 
be  inspected  by  the  contracting  officer  should  he  so  desire.  The  above  in- 
formation will  be  considered  confidential.  When  a  bidder  does  not  own  or 
poasesfl  plant  and  proposes  to  procure  it,  firm  options  on  all  major  items 
of  proposed  plant  must  be  submitted  when  the  bids  are  opened. 

(d)  A  chart  or  charts  shell  be  submitted  indicating  the  volume  of 
work  to  be  done  and  the  rate  of  progress  which  the  bidder  agrees  to  maintain 
(See  paragraph  1-20  of  the  specifications)  for  each  of  the  following  major 
operations  required  in  the  performance  of  the  work  under  these  specifications: 

(1)  Cofferdams,  (Construction  and  Removal). 

(2)  Excavation  and  Foundation  Preparation. 

(3)  Embankment. 

(4)  Concrete  Masonry. 

(5)  Turbine  Eknbedded  Barts. 

(6)  Structural  Steel 

(7)  Gate  Guides,  Gates  and  Fixed  Hoists, 

(8)  Cranes  and  Overhead. 

(9)  Access  Highway  and  Railroad 

Charts  shall  be  in  the  form  of  plotted  curves  in  which  the  abscissae  shall 
represent  definite  intervals  of  time  measured  from  date  of  receipt  of  notice 
to  proceed  with  the  work,  and  the  ordinates  shall  represent  percentages  of 
completion  based  on  the  estimated  contract  quantities.   In  preparing  the 
cherts,  due  allowance  shall  be  made  for  probable  delays  caused  by  any  unsat- 
isfactory working  conditions.  Careful  consideration  shall  be  given  to  the 
preparation  of  these  charts,  as  the  rate  of  progress  proposed  by  the  accepted 
bid  will  be  made  a  part  of  the  contract.   (See  paragraph  1-20  of  the  specifi- 
cations. ; 

17.   AWARD  OF  COiYlRACT. 

(a)  Subject  to  the  rights  hereinafter  reserved,  work  will  be  a- 
warded  as  a  whole  to  the   lowest  responsible  bidder  whose  proposal  fully  con- 
forms to  the  requir^inents  of  the  specifications  and  as  may  be  deemedmost 
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•drantageous  to  the  United  States. 

(b)  A  bid  may  be  rejected  if  the  bidder  fsils  to  furnish  a  bid 
bond  or  to  submit  the  data  required  with  his  bid  or  cannot  show  that  he  has 
the  necessary  capital  and  experience  and  owns,  controls,  or  can  procure  the 
necessary  plant  to  conmence  the  work  at  the  time  prescribed  in  the  specifi- 
cations and  thereafter  to  prosecute  and  complete  the  work  at  the  rate  or  time 
specified;  end  that  he  is  not  already  obligated  for  the  perforiaence  of  other 
work  which  would  delay  the  corimencement,  prosecution,  or  completion  of^  the 
work  contemplated  in  this  advertisement. 

(c)  Any  unbalanced  bid  which,  in  the  opinion  of  Irhe  contracting 
officer,  jeopardizes  the  interest  of  the  United  States  will  b'e  subject  to 
rejection  for  that  reason. 

(d)  The  right  is  reserved,  as  the  interest  of  the  Government  may 
require,  to  reject  any  and  all  bids,  and  to  waive  any  informality  in  bids 
received. 

18.  GUARANTY.  -  Guaranty  will  be  required  with  each  bid  as  follows: 
Bid  Bond,  Standard  Form  No.  24,  will  be  executed  in  a  penal  sum  not  less 
than  10  percent  of  the  total  amount  of  the  bid,  but  not  exceeding 
$2,500*000.00.   Individual  sureties  will  justify  in  sums  aggregating  not 
less  than  double  the  penalty  of  the  bid  bond.  (See  paragraphs  8  and  9  of 
the  instructions  to  Bidders.) 

19.  PERFORMANCE  AND  PAYMENT  BGIvnDS  will  be  required  as  follows: 

(a)  A  performance  bond  with  good  and  sufficient  surety  or  sureties, 
for  the  protection  of  the  United  States,  Standard  Form  No.  23t   will  be  exe- 
cuted in  a  penal  sum  not  less  than  ten  percent  (10:^)  of  the  full  amount  of 
the  consideration  of  the  contract,  but  not  to  exceed  two  million  five 
hundred  thousand  dollars  ($2,500,000,00). 

(b)  If  the  consideration  of  the  contract  will  exceed  $2,000  in 
amount,  a  payment  bond  with  good  and  sufficient  surety  or  sureties,  for  the 
protection  of  persons  furnishing  material  and  labor  for  the  work,  Standard 
Form  No.  25 -A,  will  be  executed  in  a  penal  sum  of  one-half  of  the  full  amount 
of  the  considerotion  of  the  contract  when  the  latter  is  not  more  than  one  mil- 
lion dollars  ($1,000,000);  forty  percent  (40^)  where  the  contract  exceeds 

one  million  dollars  ($1,000,000)  but  is  not  more  than  five  million  dollars 
($5,000,000);  and  two  million  five  hundred  thousand  dollars  ($2,500,000)  Xor 
all  contracts  above  five  million  dollars  ($5,000,000). 

20.  PROVISIONS  OF  IHg  ASS IGIj^AE^JT  OF  CLAI^5  ACT  of  October  9,  1940, 
(Public  No.  8ll-76th  Congress)  will  be  made  a  part  of  the  contract.   (See 
paragraph  1-45  of  the  specifications.) 

21.  ADDRESS  FOR  BIDS.  -  Envelopes  containing  bids  must  be  sealed, 
marked,  and  addressed  as  follows: 

Mark  in  upper 

left  hand  corner:  Address: 

Bid  for  Construction  of  To:  The  District  Engineer 

Bamhart  Island  Power  House  U.  S.  Engineer  Office 


Invitation  No.  

To  be  opened  at  2:00  P.M.  E-S.T., 


Llassena,  New  York 
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Note:     See  Standard  CJovernment   Instructions  to  Bidders  and  copy  of   the 

Bond     wh-Tr""r'  f°""  °'  '°"'"^^''  ^'^  ^^^^'   P^^-*  Bond,   and  P^rfomance 
Bond,   which  may  be  obtained  upon  application.  i^x-ionnance 
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Specifications:       Barnhart  Island  Power  House 
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W^  DEPARTMENT 

u.  s.  eixjInser  office 

ST.  LAWRENCE  RIVKB  DISTRICT 
MASSENA,  N.  Y. 

Specifications:  Barnhart  Island  Power  House 

Appropriation: 

SECTION  I  -  GENERAL  PR0VI3ICWS 

1-01.  LXATION.  -  The  site  of  the  work  is  located  in  the  internation- 
al Rapids  Section  of  the  St.  Lawrence  River,  about  8  miles  northeast  of  the 
Tillage  of  Massena,  New  York,  and  two  miles  west  of  Cornwall,  Ontario. 
The  site  may  be  reached  by  Federal  and  State  Highways  on  the  United  States 
side  of  the  St.  Lawrence  River  and  by  Highway  No.  2  on  the  Canadian  side. 

1-02.   lORK  TO  BE  DONE.  -  ' 

(a)  The  work  provided  herein  is  authorized  by  

Act,  approved  ,  1941- 

vb)  The  work  to  be  done  under  this  contract  and  in  accordance 
with  these  specifications  consist  of  furnishing  all  plant,  superintendence, 
labor  and  materials,  except  as  noted  in  paragraph  1-10,  and  performing 
all  work  required  for  the  construction  of  the  Barnhart  Island  Power  House 
complete  in  accordance  with  the  drawings  and  tbeae  specifications,  except 
for  items  of  work  listed  in  paragraph  (c)  below.  The  main  features  of 
the  work  are  as  follows: 

(1)  Excavation  for  and  construction  of  cofferdams  includ- 
ing maintenance,  unwatering  and  removal,  (See  Section  II). 

(2)  Excavation  for  foundations  of  concrete  structures  in- 
cluding foundation  preparation  and  grouting,  excavation  of  core  trench 
and  stripping  foundation  for  earth  fill.   (See  Section  III). 

(3)  Construction  of  rolled  earth  fill  dikes  complete,  in- 
cluding stripping  foundation,  placing  and  compacting  embankment,  placing 
protective  riprap,  and  seeding.   (See  Section  IV). 

(4)  Placing  concrete,  reinforcement,  and  embedded  parts 
for  the  Power  House  and  appurtenant  works.   (See  Section  V). 

(3)  Installation  of  embedded  parts  for  the  turbines. 
(See  Section ). 

(6)  Furnishing  and  erecting  the  structural  steel  building 
frame  and  other  structural  steel  and  miscellaneous  metal  work.   (See 
Section  ). 

(7)  Erection  and  installation  of  gates  with  guides,  sills 
and  fixed  hoists,  trash  racks  and  guides,  and  stop  logs  and  guides. 

(See  Section  XII). 

a.  For  intakes  and  draft  tubes  for  36  main  units. 

b.  For  intakes  and  draft  tubes  for  2  house  units. 
£.  For  six  ice  sluiceways. 

(8)  Erection  and  installation  of  4  overhead  cranes,  3  over- 
head erection  bay  cranes,  2  draft  tube  stop  log  gantry  cranes  and  2  intake 
gate  gantry  cranes.   (See  Section  ). 

(9)  Permanent  access  railroad  and  highway.   (See  Section  ), 

(10)  Miscellaneous  items  including  embedded  electrical 
conduit  system,  embedded  piping  for  water,  drainage,  and  other  purposes. 
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government  field  office,  and  other  work  as  specified  or  shown  on  the  draw- 
ings listed  in  paragraph  l-04i  and  detail  drawings  to  be  furnished  at 
latter  date  and  such  incidental  work  as  may  be  needed  or  ordered  in  writing 
by  the  contracting  officer. 

(c)  Some  of  the  main  features  of  work  not  included  in  this 
contract  are  the  installation  of  turbines,  generator  and  all  electrical 
equipment  needed  for  power  generation  and  distribution;  the  interior  finish 
and  plumbing,  heating,  and  ventilating  systems  not  embedded  in  concrete; 
sump  pumps,  valves,  etc.,  and  other  items  specifically  excepted  in  these 
specifications. 

1-03.  DESCRIPTION.  -  Barnhart  Island  Power  House  will  be  a  reinforced 
concrete  structure  having  a  ixiaximum  height  of  approximately  160  feet  above 
the  foundation  and  a  over  all  length  of  approximately  3650  feet.   It  will 
house  18  main  units  and  one  house  unit  on  the  United  States  side  and  same 
number  on  the  Canadian  side.  Each  main  unit  will  have  three  intake  ser- 
vice gates,  permanent  intake  and  draft  tube  stop  logs  will  be  provided  for 
four  units.   Construction  draft  tube  stop  logs  will  be  provided  for  all 
other  units.   (See  paragraph  12-01).  There  will  be  four  traveling  cranes 
in  the  generator  rooix:  and  three  traveling  cranes  in  the  erection  bays. 
There  will  be  two  gantry  cranes  to  handle  draft  tube^stop  logs  and  two  gan- 
try cranes  to  handle  intake  service  gates,  ice  gates,  and  stop  logs. 
Each  end  of  the  house  will  have  a  concrete  gravity  wingdam  at  the  southend, 
an  earth  dike  will  extend  about  8,000  feet  to  high  ground.  At  the  north 
end,  a;  earth  dike  will  extend  about  80O  feet  to  join  a  similar  dike  to 
be  c^-nstnicted  by  others. 

1-0'  .   ;;JiPS  ;.ND  DhArtTNGS. 

;a)   ii-.-  wc  rk  shall  conform  to  L.a:)3  ■■v..l   drawings  marked  "St.  Ijaw- 
rence  River  Project,  Barnhart  Island  Power  House",  titled  and  file  marked 
as  listed  below,  which  form  a  part  of  these  specifications  and  which  are 
filed  in  the  U.  S.  Engineer  Office,  St.  Lawrence  River  District,  Massena, 
New  York. 
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house 
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house 
"       "      •  Block  19  Above  £l.  163.O 

US  Powerhouse 
Longitudinal  Section  A-A. 

N  «  * 

Plans  at  -^1.  I37.O  Floor,  Showing  "typical  Blocks 
"    •   Blocks  6,12,23,  and  3I. 
"    •      "   18,H-1,  and  part  of  B.  Can- 
adian Powerhouse 
•    •      "   H-2,  19  and  part  of  B. 

U.S.  Powerhouse 
"    "      "36  and  C,  U.S.  Powerhouse 
Plan  at  C.L. Distributor  and  El.  149*0  Floor,  Typical 

Blocks 


Stair  and  Elevator  Blocks,  6,12,23,  ^^^   31* 
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H-1  and  part  of  B.  Canadian  Powerhouse 
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Distributor  and  El.  1A9«0  ^loor.  Blocks  36 

C.  U.S.  Powerhouse 
Turbine  Floor,  Typical  Blocks 

•      •    Stair  and  Elevator  -^locks  6, 

12.23,  and  31. 
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B.  U.S.  Powerhouse 
"      "    Blocks  36  and  C.  U.S.  Powerhouse 
El.  197.3  Floor,  Typical  Blocks 
"    "     "   Stair  and  Elevator  Blocks  6, 

12, 23, and  3I 
■    "     "   Blocks  18, H-1,  and  part  of 

B.  Canadian  Powerhouse 
"    "     ■   Blocks  H-2, 19,  and  part  of 

B.  U.S.  Powerhouse. 
"    "     "   Blocks  36  &  C.U.S.  Powerhouse 
"  209.0  Floor,  Typical  Blocks 


1-3 


Sheet 

No.    File  No. 

49 

B.P- 1-13/37 

50 

13/38 

31 

13/39 

32 

13/40 

53 

13/41 

5k 

13/42 

55 

13/43 

36 

13/44 

37 

13/43 

38 

13/46 

39 

13/47 

6o 

13/48 

61 

B.P-l-13/49 

62 

13/30 

litle 
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"   "     "       B     "   18,H-1  &  part  of  E.  Cana- 
dian Powerhouse 
"   "      "       H     B   H-2,19  fr  part  of  B.  U.S. 

Powerhouse 
"   "     "  227.0  &  243.5  Floors  &  roof,  all  Turbine 

Blocks 
"   "     "  209.0,  227.0  Sr   231.5  Floors,  Blocks  36  &■ 

C.  U.S.  Powerhouse 
"   «     »  243.5  N:  256.0  Floors.  Blocks  36  &  C.  U.S. 

Powerhouse 
"   "     "231.3,  248.3  ^  2^0.0  Floors,  office  portion 

of  Block  C.  U.S.  Powerhouse 
"   "     "  275-0  Floor,  office  portion  of  Block  C. 

U.S.  Powerhouse 
"  of  Roof  Blocks  36  and  C.  U.S.  Powerhouse 
"  •  El.  227.0  Sc   243.3  Floors,  Blocks  19,H-2  &   part 

of  B.  U.S.  Powerhouse 
"  "   El.  248.0,  236.3,  268.0,  282.0  Floors,  Blocks  I9, 

20,H-2  &  B.  U.S.  Powerhouse 
"  "  Roof,  Blocks  19,H-2,  and  part  of  B.  U.S.-  Powerhouse 
Structural  Steel 
Elevators 

EMBANKMENT 

63  B.P-1-20/1    North  &  South  Forebay  Dikes 

GOVERTffi^ENT  FIELD  OFFICE 

64  B.P-l-160/1   Plan  &  Elevation 
63         160/2   Utilities 

ACCESS  PJGHWAY 

66  B.P-l-185/1   Plan  &   Profile  No.  1 

67  185/2     "   "    "    i\o.  2 

68  183/3   Details 

69  185/4   Typical  Highway  Sections 

ACCESS  RAILROAD 

70  195/1  Plan  &  Profile  No.  1 

71  195/2     "   "    "    i\o.  2 

72  195/3  Details 

73  195/4  Typical  Railroad  Section 

(b)  These  drawings  show  the  work  with  as  much  detail  as  is  pos- 
sible in  the  present  stage  of  development  of  the  design.  The  work  shall 
conform  also  to  such  other  drawings  and  addenda  relating  thereto  as  may  be 
published  and/or  exhibited  in  the  office  of  the  contracting  officer  prior 
to  the  opening  of  proposals,  and  to  such  drawings  in  •xolanation  of  details 
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as  may  be  required  from  time  to  time  during  construction,  including  such 
modifications  as  the  contracting  officer  may  consider  necessary  on  account 
of  conditions  that  are  found  to  exist  during  the  prosecution  of  the  work, 

(c)  Prior  to  the  execution  of  the  work  the  contractor  shall 
check  all  drawings  and  shall  immediately  report  to  the  contracting  officer 
any  errors  or  omissions  discovered  therein.  Errors  and/or  oicissions  in  draw- 
ings will  not  relieve  the  contractor  of  his  responsibility  for  the  correct 
fitting  together  and  exact  position  of  all  parts  of  the  work  in  accordance 
with  the  specifications.  Parts  and  details  not  fully  indicated  on  the  draw- 
ings shall  be  detailed  by  the  contractor  in  accordance  with  the  best  prac- 
tice, or  as  directed  by  the  contracting  officer.  The  contractor  shall 
submit  detail  reinforcing  steel  cutting  and  bending  schedules,  and  fabri- 
cator's shop  drawings  of  all  structural  steel  and  other  metal  work  for 
approval.  He  shall  also  submit  such  shop  drawings  and  materiallists  of  all 
mechanical  and  electrical  equipment  as  may  be  required  by  the  contracting 
officer.  No  material  shall  be  furnished  or  work  done  thereon  prior  to 
approval  of  these  drawings.  The  contractor  shall  submit  three  (3)  prints 

of  each  of  such  detailed  drawings  to  the  contracting  officer  who  will  re- 
turn one  print  with  his  approval  or  notations  of  such  changes  as  he  finds 
necessary.  Each  print  submitted  for  approval-  shall  have  in  the  lower  right- 
band  comer  just  ateove  the  title  a  white  space  3  inches  by  4  inches  in 
size  in  which  the  contracting  officer  will  indicate  the  action  taken. 
After  approval,  the  contractor  shall  furnish  the  contracting  officer  one 
tracing  and  five  prints  of  each  approved  drawing.  Three  copies  or  sets  of 
parts  catalogs,  spare  parts  listed  and  operating  instructions  shall  be 
furnished  as  specified  above  or  as  requested  by  the  contracting  officer. 
Payment  for  the  contractor's  drawings,  including  revisions  thereof,  parts 
catalogs,  spare  parts  lists  and  operating  instructions  shall  be  included 
in  the  contract  prices  paid  for  material  or  work.  All  of  these  items  will 
form  a  part  of  the  contract  when  approved  by  the  contracting  officer. 

(d)  Ten  sets  of  prints  of  necessary  contract  drawings (one -half 
size  reproductions,  or  full  size  if  desired)  and  twenty  sets  of  specifications 
will  be  furnished  the  contractor  without  charge.  Additional  prints  may  be 
secured  upon  request  at  the  cost  of  reproduction. 

I-05.   QUANTITIES.  -  The  following  estimate  of  quantities  of  work  to 
be  performed  is  given  only  to  serve  as  a  basis  for  canvassing  bids  and  for 
detennining  the  approximate  amount  of  the  consideration  of  the  contract. 
Unless  the  contract  is  terminated  by  the  failure  of  Congress  to  appropriate 
additional  funds  (see  paragraph  I-08),  the  contractor  will  be  required 
to  complete  the  work  specified  in  paragraph  1-02  hereof,  be  the  required 
quantities  more  or  less  than  the  amounts  shown  herein. 


QUANTITIES 

Item 

Paragraph 

No. 

Reference 
2-08(a) 

Designation 

Unit 

Quantitv 

1 

Timber  Cribs 

M.B.M. 

2,100 

2 

2-08(b) 

Crib  Sheathing 

Sq.Ft. 

28,000 

3 

2-08(c) 

Steel  Sheet  Piling 

Sq.Ft. 

27.300 

4 

2-08(d) 

Crib  Fill 

Cu.Yd. 

i|8,000 

5 

2-08(e) 

Earth  Fill;  Compacted 

Class  I,  Cofferdam 

Cu.Yd. 

46,000 

6 

2-08(e) 

Earth  Fill;  Compacted 

Class  II,  Cofferdam 

Cu.Yd. 

645,000 

2-08(e)         Earth  Fill;  Class  III, 

Cofferdam  Cu.Yd.   183,000 
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Item 

Paragraph 

No. 

Reference 

Designation 

Unit 

Q.uaiitity 

8 

2-08(e) 

Hock  Fill;  Goffei-xiara 

Cu.yd. 

155.  oco 

9 

2-oe(e) 

Riprap;  Cofferdam 

Cu .Yd . 

49.200 

10 

2-08u} 

Unwatering  Cofferdams 

Ac. Ft. 

90,000 

11 

2-08rj) 

Cofferdam  Removal 

Cu.ya. 

776,300 

12 

3-07(b) 
13-04 
l3-09(b) 
14-03(a) 

Excavation;  Common 

Cu.Yd. 

3,821,000 

13 

3-07(b) 

Excavation;  Rock 

Cu.Yd. 

225 ,  000 

14 

3-09(t) 

Line  Drilling 

Sq.Ft. 

40,000 

13 

4-02(e) 

Excavation;  Borrow 

Cu.Yd. 

230,000 

16 

3-li(g) 

Drilling  Exploratory  Holes, 

0  to  30  ft. 

LLn.Ft. 

1.230 

17 

3-n(g) 

Drilling  Exploratory  Holes, 

30  to  6o  ft. 

Lin. Ft. 

1.330 

18 

3-ll(g) 

Drilling  Exploratory  Holes, 

6o  ft .  and  over 

Lin. Ft. 

2,300 

19 

3-n(g) 

Drilling  Grout  Holes  in 

Rock  0  to  30  ft. 

Lin. Ft. 

3.730 

20 

3-ii(g) 

Drilling  Grout  Holes  in 

Rock  30  to  6o  ft. 

Lin. Ft. 

7,800 

21 

3-ii(g) 

Drilling  Grout  Holes  in 

itock  6o  ft.  and  over 

Un.Ft. 

4.230 

22 

3-11(6) 

Drilling  Grout  Holes  in 

Concrete 

Lin. Ft. 

2,000 

23 

3-l3(c) 

Drilling  6-inch  Drain 

Holes 

Lin. Ft. 

13,000 

24 

3-l4(b) 

Drilling  6-inch  Concrete 

Cores 

Lin. Ft. 

1.000 

5-io^c) 

23 

3-li(g) 

Core  Boxes 

Each 

1,800 

26 

3-n(g) 

Grout  Pipes  and  Connections 

Lb. 

123,000 

5-i8(g) 

27 

3-i3(0 

Pipe;  Black  Steel,  8" 

Diam. 

Lb. 

33.000 

28 

3-12(e) 

5-l8(g) 

Pressure  Grouting 

Cu.Ft. 

30,000 

29 

3-12(6) 

3-l8(g) 

Sand  in  Grout 

Cu.Ft. 

2,300 

30 

3-12(e) 

3-l8(g) 

Rock  Flour  in  Grout 

Cu.Ft. 

3.000 

31 

4-03(b) 
4-04(i) 

Earth  Fill;  Compacted 

Class 

Klu.Yd. 

1,380,000 

32 

4-03(b) 

Earth  Fill;  Compacted 

Class  II 

Cu.Yd. 

103,000 

4-04(i) 

13-04 

33 

4-04(i) 

Additional  Compaction 

Square 

230,000 

34 

4-03(b) 

Earth  Fill;  Class  III 

Cu.Yd. 

230 , 000 

35 

4-o8(c) 

hock  Fill 

Cu.Yd. 

131,000 

?6 

4-08(c) 

Riprap;  Dumped,  Class 

A 

Cu .Yd . 

73.000 

3? 

4-08(c) 

Riprap;  Dumped,  Class 

B 

Cu.Yd. 

90,000 

38 

2-08(g) 
4-07(c) 

Sand  &  Gravel  Backing 

Cu.Yd. 

38,600 
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Item 

Paragraph 

No. 

Reference 

Designation 

Unit- 

Qwantity 

39 

2-08(h) 
4-o6(c) 

Filter 

Cu.Yd. 

101,300 

40 

4-09(d) 

Seeding 

Acre 

15 

41 

5-23^a) 

Concrete,  Class  A 

Cu.Yd. 

134.000 

42 

5-23(a) 

Concrete,  Class  B 

Cu .Yd . 

281,000 

43 

5-23ia) 

Concrete,  Class  C 

Cu.Yd. 

1,503.000 

44 

5-l3(i) 

Straight  Concrete  Forms 

Sq.Ft. 

7,100,000 

45 

5-l3(i) 

Concrete  Forms  Curved  One 

Way 

Sq.Ft. 

446,000 

46 

5-13(i) 

Concrete  Forms  Curved  Two 

Wajrs 

Sq.Ft. 

460.000 

47 

5-13(i) 

Absorptive  Form  Lining 

Sq.Ft. 

2,200,000 

48 

5-i3(i) 

Concrete  Forms  For  Ceilings 

Sq.Ft. 

600,000 

49 

5-l3(i) 

Concrete  ^orms  For  Construc- 

tion Joints 

Sq.Ft. 

3.820,000 

50 

5-ll(b)(9) 

Monolithic  Concrete  Floor 

Finish 

Sq.Ft. 

160,000 

51 

5-l4(i) 

5-15(b)(2) 

9-04(a) 

Reinforcing  Steel 

Lb. 

108,000,000 

52 

5-l5(c) 

Drilling  Holes  For,  and 

Placing  Dowel  Bars 

Un.Ft. 

1,000 

53 

5-l6(c) 

Metal  Regie ts 

Lin. Ft. 

17.000 

5k 

5-2l(e) 

Membrane  Waterproofing 

Square 

1,250 

55 

5-21(e) 
12-09 

Copper  Metal  Work 

Lb. 

80,000 

56 

5-l8(f) 

Copper  Water  Stops 

Lb. 

40,000 

57 

5-21(e) 

Lead  Sleeves  and  Flanges 

Lb. 

15.000 

58 

5-l8(g)(2) 
10-10 

Sheet  Iron  and  Steel 

Lb. 

65,000 

59 

5-l8vf) 

Special  Bituminous  Filler, 

Type  C 

Cu.Ft. 

3.500 

6o 

5-l8(f) 

Halved  Concrete  Pipe 

Lin. Ft. 

11,000 

61 

5-l9(b) 

Poured  Grout 

Cu.Ft. 

115.000 

60 

5-l8(f) 

61 

5-l9(b) 

9-06 

10-18 

62 

5-20(b) 

9-06 

63 

7-10 

64 

7-10 

65 

7-10 

66 

7-10 

67 

7-10 

68 

7-10 

69 

7-10 

70 

7-10 

71 

7-10 

72 

7-10 

73 

7-10 

Special  Non-shrink  Grout  Cu.Ft, 

Structural  Steel  Lb. 

Steel  Track  Rails  Lb. 
Miscellaneous  Black  Steel 

and  Metal  Work  jjs. 
Miscellaneous  Galvanized 

Steel  and  Metal  work  Lb. 
Plain  Gratings  Lb. 
Galvanized  Gratings  Lb. 
Safety  Treads  and  Thresh- 
olds Lb . 
Cast  Iron  Frames  and  Covers  Lb. 
Forgings,  Steel  Lb. 
Bronze  Lb . 
Miscellaneous  Non-ferrous 

Metals  Lb. 


1,000 

19,000,000 
2,720.000 

430,000 

600,000 
360,000 
320,000 

110,000 

40,000 

2,000 

3,000 

2,000 
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Item 
No. 


Paragraph 
Reference 


Desi|gnation 


Unit 


Q.uantity 


7A      7-10  Pipe  Handrail  Lb. 

75  8-03  Conduit  and  Fittings  Lb. 

76  8-05  Outlet  Boxes  Lb. 

77  9-06  Turbine  Embedded  Parts, 

Installation  Ton 

78  10-18  Installing  Guides,  Sills 

and  Embedded  Parts  Ton 

79  10-18         Installing  Gates,  Stop  Logs, 

Racks  and  Gate  Hoists  Ton 

60      IO-I8         Installing  Gantry  Cranes  Ton 

81  10-18         Installing  Overhead  Cranes  Ton 

82  11-18         Steel  Pipe  and  Fittings, 

Black  Lb. 

83  11-18         Steel  Pipe  and  Fittings, 

Galvanized  Lb. 

84  3-l8(f)       Wrought  Iron  Pipe  and  Fit- 

tings Lb. 
11-18 
83      11-18         Pickled  Wrought  Iron  Pipe 

and  Fittings  Lb. 

86  11-18         Cast  Iron  Pipe  and  Fittings  Lb. 

87  11-18         Duriron  Pipe  and. Fittings  Lb. 

88  11-18         Forged  Steel  Fittings  Lb. 

89  11-18         Coating  Underground  Pipe 

and  Fittings  Lb. 

90  11-18         Brass  Pipe  and  Fittings  Lb. 

91  11-18         Copper  Tubing  and  Fittings  Lb. 

92  11-18         Inserts,  Pipe  Hangers  and 

Supports  Lb. 

93  11-18         Brass  valves  Lb. 

94  11-18         Iron-body  Valves,  Brass  or 

Bronze  Mounted  Lb. 

95  11-18         Roof  Drains  Lb. 

96  II-I8         Floor  and  Deck  Drains, Brass 

or  Bronze  Strainers  Lb'. 

97  11-18         Floor  and  Trench  Drains,  all 

Cast  Iron  Lb. 

98  12-09         Precast  Concrete  Roof  Slabs  Square 

99  12-09         Precast  Concrete  hoofing  Tile  Square 

100  12-09         Built-up  Asphalt  Roofing  Square 

101  12^09         Lead  Collar  for  4-inch 

Toilet  Vent  Each 

102  14-01(c)       Tile  Gage  Lin. Ft. 

103  14-02(c)       Glass  Block  Sq.Ft. 

104  14-05(.a;       Storm  Drain  Pipe,  10-inch  Lin. Ft. 

105  14-03(a)       Storm  Drain  Pipe,  12-inch  Lin. Ft. 

106  14-05(a)       Storm  Drain  Pipe,  18-inch  Lin. Ft. 

107  14-05(a)       Storm  Drain  Pipe,  24-inch  Un.Jt. 

108  14-03(b)       Concrete  Ciadle  for  Storm 

Drain  Pipe  Cu.Yd. 

109  14-05vC;      Catch  Basins,  Rectangular  Each 

110  14-05CC)      Catch  Basins,  Circular  Bach 


70,000 

1,223,000 

25,000 

5,500 

1,664 

14.496 
200 

1.320 

370,000 

730,000 

27.300 


300 

1.300,000 

500 

1,000 

4,000 

12,600 

100 

500 
500 

67.500 
7.100 

6,000 

6,000 
1,400 
2,900 
1,400 

10 

70 

20,500 

525 

525 
400 

950 

30 

19 
6 
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Item 

Paragraph 

No. 

Reference 

lk-05{d) 

Designation 

Unit 

Quantity 

Ill 

Culvert  Head  Walls,  Standard 

Each 

28 

13-I2(b) 

112 

2-08(f) 

Pipe;  Corrugated  Iron,  12- 

•inch 

Diameter 

Lin. Ft. 

800 

'113 

15-12(b; 

Pipe;  Corrugated  Iron,  12- 

■  inch 

Diameter 

Lin. Ft. 

268 

lU 

15-12(b) 

Pipe;  Corrugated  Iron,  30- 

■  inch 

Diameter 

Lin. Ft. 

254 

115 

15-iiCb) 

Gravel  Fill  Base 

Cu.Yd. 

7,230 

116 

15-13(c) 

Ballast 

Cu.Yd. 

6.200 

117 

15-I4(c) 

Cross  Ties 

Each 

7.240 

118 

15-I5(c) 
13-I6(b) 

Track  Laying 

Track  i?t. 

16,185 

119 

15-I7id) 

fload  Surfacing 

Sq .Yd . 

29,000 

120 

'   15-I8(b; 

Highway  Guard  Rail 

Lin. Ft. 

7.460 

121 

16-26 

Field  Office 

Sura 

Job 

122 

16-26 

Field  Office  Extension 

Sum 

Job 

1-06.   COMIENCEMEOT,  PROSECUTION  mCt   COMPLETION 

(a)  The  contractor  will  be  required  to  conmence  work  under  the 

contract  within  calendar  days  after  the  date  of  receipt,  by  him  of 

notice  to  proceed,  to  prosecute  the  said  work  with  faithfulness  and  energy, 
and  to  complete  the  entire  work  within  calendar  days  after  said  date 

of  receipt  by  him  of  notice  to  proceed,  plus  any  extensions  of  time  duly 
granted  under  the  provisions  of  the  contract  and  specifications.  The  work 
shall  be  prosecuted  as  vigorously  as  practicabld  during  all  seasons  of  the 
year. 

(b)  (1)  The  schedule  of  work  on  this  contract  will  correlate 
with  the  schedule  of  work  by  other  construction  contracts,  particularly 
those  for  the  construction  of  Long  Sault  Dam. 

(2)  The  powerhouse  contractor  shall  schedule  his  work  in 
such  manner  to  meet  the  requirements  of  the  schedule  set  up  for  the  date 
of  raising  the  pool.  The  start  of  raising  the  pool  above  El.  210.0  will 

begin  days  after  receiving  notice  to  proceed,  and  the  pool  will  be 

raised  to  elevation  230  within  days  after  receiving  notice  to  proceed, 

(3)  In  case  of  failure  on  the  part  of  the  powerhouse  contrac- 
tor to  have  his  work  completed  to  such  extent  that  the  raising  of  the  pool 

is  delayed,  the  powerhouse  contractor  shall  pay  to  the  Government  as  liqui- 
dated damages  the  sum  of  $1,000  a  day  for  each  calendar  day  of  delay  until 
the  work  is  ready  to  allow  the  Long  Sa^l*  Dam  contractor  to  start  raising 
the  pool. 

(4)  Id  case  of  failure  on  the  part  of  the  contractor  to 
con^ilete  the  entire  work  within  the  time  thus  detennined  and  agreed  upon 
for  its  completion,  the  contractor  shall  pay  to  the  Government  as  liqui- 
dated damages  the  sum  of  $300  for  each  calendar  day  of  delay  until  con- 
struction is  completed  and  the  powerhouse  is  placed  in  operating  condition 
as  determined  by  the  contracting  officer. 

(3)  Should  the  construction  be  completed  and  placed  in 
operating  condition  except  for  minor  finishing  work  as  determined  by  the 
contracting  officer,  the  contracting  officer  may  conditionally  accept  and 
occupy  the  work;  and  thereafter  the  contractor  shall  pay  to  the  Government, 
as  liquidated  damages  the  sum  of  $100.00  for  each  calendar  day  of  delay 
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until  all  the  items  and  minor  finishing  work  have  been  completed  and  accep- 
ted. 

(6)  In  the  event  the  entire  structure  has  been  completed 
and  accepted  and  all  work  under  the  contract  has  been  completed  except  for 
removal  of  contractor's  plant  and  buildings  and  restoration  of  the  site, 
no  further  liquidated  damages  will  be  assessed,  but  final  payment  will 
not  be  made  until  this  latter  work  has  been  accomplished  as  required. 

(c)  If  the  completion  of  the  undertaking  to  be  performed  under 
the  terms  of  this  contract  be  delayed  by  reason  of  delay  in  the  delivery 
of  materials  or  supplies  essential  to  such  performance  because  of  national 
defense  priorities  and  without  the  fault  or  negligence  of  the  contractor, 
the  time  of  performance  will  be  extended  for  a  period  equal  to  such  delay, 
ais  determined  by  the  contracting  officer,  and  subject  to  appeal,  as  pro- 
vided in  Article  9  of  the  contract. 

1-07.   SUNDAYS,  HOLIDAYS  AND  NIGHTS.   Work  on  Sundays,  holidays, and 
nights  will  be  af  the  option  of  the  contractor.  However,  when  the  con- 
tractor elects  to  work  at  such  times  notice  of  his  intention  to  do  so 
shall  be  given  the  contracting  officer  within  a  reasonable  time  in  advance 
thereof. 

1-08.   PAYLIENTS. 

(a)  (Availability  of  Funds?) 

(b)  Payments  will  be  made  monthly  on  estimates  of  work  per- 
formed in  accordance  with  the  contract  and  not  included  in  any  prior  esti- 
mate, except  that  ten  percent  (10%)  of  the  amount  of  each  estimate  will 

be  retained  until  the  total  amount  retained  is  dollars  ( ),  and 

this  amount  will  be  retained  until  it  equals  ten  percent  (10%)  of  the  re- 
maining work  to  be  done.  Thereafter  with  each  monthly  payment  there  will 
be  paid  such  portion  of  the  amount  so  retained  as  is  in  excess  of  ten 
percent  (10%)  of  the  work  remaining  to  be  done  until  the  amount  retained 

is  reduced  to  dollars  ( ),  which  amount  will  be  retained  until 

the  completion  of  the  contract  when  final  payment  will  be  made. 

1-09.   WORK  COVERED  BY  COOTRACT. 

(a)   he  contractor  shall,  under  his  contract  prices,  furnish 
and  pay  for  all  materials  (except  as  specified  in  paragraph  1-10),  labor 
and  equipment  for  all  permanent,  temporary,  preparatory  and  incidental 
work,  furnish  all  accessories  and  do  everything  which  may  be  necessary  to 
carry  out  the  contract  in  good  faith,  which  contemplates  everything  com- 
pleted in  good  working  order,  of  good  material  and  with  accurate  workman- 
ship, skillfully  fitted  and  properly  connected  and  put  together. 

1-10.   MATERIALS  JW^JISHED  BY  THE  UNITED  STATES 

(a)  The  following  material  furnished  by  the  United  States  will 
be  delivered  to  the  contractor  f.o.b.,  at  the  site  of  work. 

(1)  Cement  and  Aggregates  for  concrete. 

(2)  Cement  for  Grout, 

(3)  Intake  service  gates  for  main  units  including 
hoists  and  guides. 

(4)  Intake  service  gates  for  house  units  including 
hoists  and  guides. 

(5)  Ice  sluice  gates,  guides,  and  hoists 

(6)  Turbine  embedded  parts 

(7)  Intake  stop  logs  and  guides 
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(8)  Draft  tube  stop  logs  and  guides. 

(9)  Ice  sluice  stop  logs  and  guides. 

(10)  Ifitake  trash  racks  and  guides 

The  contractor  shall  be  responsible  that  all  railroad  cars  are  unloaded 
promptly  and  will  be  held  liable  for  any  demurrage  charges  due  to  his  fail- 
ure to  do  so.  He  will  be  required  to  unload,  store,  and  use  these  mater- 
ials in  accordance  with  the  specifications,  and  contract  drawings. 

(b)  All  materials  shall  be  adequately  housed  or  otherwise  pro- 
tected against  deterioration  and  damage.  'iVhen  material  stored  at  the  site 
is  not  adequately  protected  by  the  contractor,  such  material  will  be  kept 
protected  by  the  contracting  officer  at  the  expense  of  the  contractor. 

(c)  Cement.  -  All  cement  furnished  for  concrete  except  high 
early  strength  cement  will  be  a  moderate-heat-of -hardening  Portland  cement 
conforming  to  Federal  Specification  SS-C-206.   Cement  will  be  delivered 

to  the  contractor  at  the  site  of  the  work  at  any  time  after  the  date  of 
notice  to  proceed.  The  contractor  shall  advise  the  contracting  officer,  in 
writing,  at  least  30  days  in  advance  of  the  time  he  will  require  the  first 
cement,  and  thereafter  he  shall  at  all  times  keep  the  contracting  officer 
informed  of  his  anticipated  requirements.  Ten  days  before  the  first  of 
each  month  or  at  such  other  times  as  may  be  directed  by  the  contracting 
officer,  the  contractor  shall  furnish  written  notice  of  his  future  cement 
requirements  for  the  next  jO   days.  The  contracting  officer  will  at  all 
times  eXjjedite  the  delivery  of  all  orders  but  the  Government  will  not  be 
liable  for  any  expense  or  delay  caused  the  contractor  by  delayed  deliver- 
ies, except  as  provided  under  Article  9  of  the  contract.  Copies  of  all 
orders  for  cement  will  be  furnished  promptly  to  the  contractor.  The  cement, 
will  be  furnished  in  bulk  except  that  necessary  for  grouting  and  finishing 
work,  which  will  be  furnished  in  paper  bags.  Any  cement,  bulk  or  feag, 
which  shall  be  damaged  after  delivery  to  the  contractor  will  be  paid  for  by 
him.  Any  difference  in  excess  of  one-half  of  one  percent  between  the  net 
quantity  of  cement  delivered  to  the  contractor,  and  the  quantity  incorpor- 
ated in  the  completed  and  accepted  work  will  be  charged  to  the  contractor, 
at  its  cost  to  the  government  at  the  point  of  delivery  to  the  contractor. 
The  quantity  of  bulk  cement  delivered  to  the  contractor  will  be  determined 
by  certified  shipping  weights.  The  contractor  shall  provide,  at  the  site, 
storage  for  not  less  than  20,000  barrels  of  bulk  cement  and  500  barrels  of 
bag  cement.  In  order  that  cement  will  not  become  unduly  aged  after  delivery, 
the  contractor  shall  not  use  cement  in  the  work  directly  from  the  freight- 
ing or  transporting  operations  whenever  any  cement  is  available, that  has 
been  stored     more  than  60  days  after  delivery  to  the  contractor.   Ce- 
ment that  has  been  stored  for  more  than  90  days  shall  be  retested  at  the 
expense  of  the  contractor.   (See  paragraph  I-3I  (d)')  Storage  bins  for 
cement  shall  be  so  constructed  that  there  will  be  no  dead  storage  and  that 
adequate  protection  against  the  elements  will  be  provided* 

(d)  Aggregates  for  Concrete.  -  All  aggregates  for  concrete  will  be 
either  natural  sand  and  gravel  or  crushed  rock.  Investigations  are  being 
continued  by  the  contracting  officer  for  concrete  aggregates.  The  results 

of  itbese  investigations  will  be  made  available  to  interested  bidders  at 
the  U.  S.  Engineer  Office,  tossena.  New  York,  and  bidders  may  also,  by 

request,  obtain  a  copy  of  the  Government  Specifications  for  concrete  aggre- 
gates to  be  furnished.  Aggregates  will  be  delivered  to  the  contractor  at 
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the  site  of  the  work  in  bottom-dump  railroad  cars.  The  contractor  shall 
give  at  least  30  days  written  notice  to  the  contracting  office  in  advance 
of  the  time  he  will  require  the  first  delivery  of  aggregates  and  thereafter 
he  shall  at  all  times  keep  the  contracting  officer  informed  of  h:E  anti- 
cipated requirements.  Ten  days  before  the  first  of  each  month  or  at  such 
other  times  as  may  be  directed  by  the  contracting  officer,  the  contractor 
shall  furnish  written  notice  of  his  future  aggregate  requirements  for  the 
next  30  days.  The  contracting  officer  will  at  all  times  expedite  the 
delivery  of  all  orders  but  the  Government  will  not  be  liable  for  any  ex- 
pense or  delay  caused  the  contractor  by  delayed  deliveries  except  as  pro- 
vided for  under  Article  9  of  the  contract.  Co::ies  of  all  orders  for  aggre- 
gate will  be  furnished  promptly  to  the  qontractor.  Any  aggregate  lost  or 
misused  shall  be  paid  for  by  the  contractor.  Any  difference  in  excess  of 
one-half  of  one  percent  between  the  net  quantity  6f  aggregate  delivered  to 
the  contractor  and  the  quantity  incorporated  in  the  completed  and  accepted' 
work  will  be  charged  to  the  contractor  at  its  cost  to  the  Government  at 
the  point  of  delivery  to  the  contractor.  The  quantity  of  aggregate  de- 
livered to  the  contractor  will  be  determined  by  certified  shipping  weights. 
Aggregates  will  be  delivered  in  separate  sizes  in  accordance  with  paragraph 
5-08(f)(l).  Aggregates  shall  be  stockpiled  and  stored  in  accordance  with 

paragraph  5 -07(b) • 

(e)  Cement  and  aggregates  furnished  by  the  Government  may  be 
used  by  the  contractor  in  erecting  construction  plants  and  facilities. 
The  contractor  will  be  billed  for  the  actual  cost  to  the  Government  srt 

the  point  of  delivery  for  furnishing  the  materials  so  used  by  the  contrac- 
tor. The  materials  thus  used  shall  not  be  included  in  the  one -half  of 
one  percent  tolerance  specified  above. 

(f)  The  contractor  shall  check  the  quantity  and  condition  of 
all  materials  delivered  to  him  at  the  time  of  unloading,  and  in  case  there 
is  damage  to,  or  shortage  of  cement  or  aggrege+".es ,  he  shall  report  to 

the  contracting  officer  in  writing  within  2l\   hours  after  delivery.   If 
there  is  any  shortage,  or  damage  which  in  the  opinion  of  the  contracting 
officer  is  sufficient  to  cause  the  materials  to  be  unfit  for  use  in  the 
work,  and  shortage  or  damage  has  not  been  reported  as  specified  above, 
the  contractor  will  be  charged  with  tie  actual  cost  of  replacement  of 
such  shortage  or  damage, 

(g)  The  contractor  shall  return  to  the  Government  f.o.b.  cars 
at  the  aforementioned  point  of  delivery,  all  cement  furnished  by  the 
Government  and  not  used.  The  contractor  fvill  be  charged  for  any  cement, 
not  used  and  not  returned,  an  amount  equal  to  the  cost  to  the  Government 
at  the  point  of  delivery  to  the  contractor. 

1-11.  ELECTRICAL  ENERGY  DURING  THE  Cai5TRUCTIQN  PEBIOD. 

(a)  The  Government  will  provide  a  source  of  electrical  energy 

without  cost  to  the  contractor  at  a  point  approximately  feet  from 

the  south  abutment.  The  capacity  of  this  source  will  be  ^K.V.A. 

at volts,  3-phase,  60  cycle.  The  contractor  if  he  elects  to  use 

this  power,  shall  provide,  without  cost  to  the  Government,  all  facilities 
and  equipment  necessary  to  furnish  himself  with  electrical  energy  f^r 
power  and  lighting  from  the  above  source.  This  shall  include  a  meter  and 
metering  equipment,  transformers,  holes,  switches,  lights,  and  any  other 
equipment  that  may  be  necessary.  The  contractor  will  be  required  to  light 
during  the  construction  period  all  highways  built  by  him,  and  all  job  roads, 
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galleries  within  the  power  house   outside  wc»"k  areas,  all  safety  lights 
(see   paragraph  1-22),  and  any  other  lighting  as  directed  all  to  the  satis- 
faction of  the  contracting   officer.     The   contractor  oay  use  permanent 
government  equipment   installed  under  this  contract.     This  equipment   will 
require  energy  of  3-P^sse,   60-cycle  for   operation  and  the  voltage  shall  be 
as  required  for  each  specified  use.     The   contractor  shall  maintain  service 
until  completion  of  the  contract.     All  costs   for  electrical  energy  shall 
be  borne  by  the  contractor.     The  contractor  shall  make   payment   to  the 
Government  each  month  for  electrical  energy  furnished  him,   at  the  rate   of 
the  actual  cost  to  the  Government,    plus  IQ?  to  cover   installation  and 
overhead,   for  supplying  the   electrical  energy.     This  rate  will  be   in  ac- 
cordance with  service  classification  No,   2-A  of  the  Central  New  York  Power 
Corporation, 

(b)     The  Contractor  shall  provide   for  the  period  of  this  contract 
the  electrical  energy  for   lighting  and  miscellaneous   use   in  the  government 
field  office   (Section  XYl").     The  contractor  shall   provide  an  electric 
meter   in  the   field  office,   and  each  month  the  electrical  energy  furnished 
the   field  office  will  be  deducted  from  the   total  electrical  energy  fur- 
nished the  contractor.     The  energy  furnished  the   field  office   shall  be 
220/llO-volt,   60-cycle,   single-phase,   3  wires. 

1-12.     CRDER   OF  WCRK.   -  The   following  general  program  of  work  is  con- 
templated,  subject   to  such  modifications  as  may  be   found  necessary  or  de- 
sirable by  the  contracting   officer.     The  main  features   of  work  are  as 
follows: 

(a)  Construction  of  cofferdams   "A",   and   ■B*,  and   'C*  and  unwatering. 

(b)  Construction  of  the  substructure  of  the   powerhouse,   espe- 
cially the  forebay  section  complete,  ready  to  place   the  stoplogs   or  gates 
before  date   of  raising  the  pool. 

(c)  Construction  of  the  concrete  wing  dams  and  the  forebay  dike 
on  Barnhart   Island, 

(d)  The  construction  of  the  forebay  dike   on  the  Canadian  side 
can  not  be  started  until  the  new  Cornwall  Canal  and  lock  are  complete  and 
traffic  switched  to  the  new  canal,   then  the  dike  must  be  completed  as  shown 
on  the  drawings  before  the  date   of  raising  the  pool, 

(e)  The  completion  of  all  remaining  work  under  this  contract. 

(f)  The   contractor  shall  at  all  times  keep  the  contracting 
officer   informed  of  the   order  of  proposed  operations.     To  this  end,    in 
addition  to  the  charts  required  to  be   submitted   in  accordance  with  para- 
graph l6   (d)   of  the   Invitation  for  Bids,   the  contractor  shall   furnish  such 
supplementary  charts  and/or   other   information  regarding  proposed  future 
operations  as  may  be  required  by  the  contracting  officer. 

1-13.     RIGHT-OF-WAY.   -  The  right-of-way  for  the  work  covered  by 
these  specifications  and  for  the  access  railroad  and  highway  will  be  fur- 
nished by  the  Government, 

1-14.     ROADS  AIJD  GROHIDS. 

(a)  The  contractor  will  have   the   privilege   of  using  the  Govern- 
nent-ccntr oiled  land  within  the  work  areas   shown  on  Sheet  No.   2  of  the  draw- 
ings except   for   that  part   of  said  lands  as  may  be  reserved  by   the   contract- 
ing officer  for   other  purposes. 

(b)  At  any  time  during  the  progress   of  the   work  the  contractor 
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shall,  when  so  directed  by  the  contracting  officer,   promptly  vacate  and 
clean  up,   within  uO  days  after  written  notice,   without  expense   to  the 
Goveruoent,   any  part   cf  the  grounds  which  have   been   in  use  by  him  when 
such  grounds  are  needed  for   other   purposes.     The   contractor  shall   keep  the 
buildings  and  grounds   in  use  by  him  at  the   site   of  the   work  in  an  orderly 
and  sanitary  condition  and  shall   provide   suitable  extinguishers   or   other 
fire -fighting  apparatus  for  ready  use    in  all   buildings  erected   or  in  use  by 
the   contractor   on  Government   property. 

(c)     A  temporary  single   lane  roadway  and  single   track  railroad 
to  be  constructed  by  others  will   provide  access  from  the  New  York  im in- 
land to  the  westerly  end   of     Bamhart   Island.     The   temporary  road  and  rail- 
road  is  expected  to  be  ready  about   18  months  after   the  start   of  work  on 
this   contract,   and  will   connect  with  the  access  highway  and  railroad  which 
is  part   of  this  contract.   (See  Section  ). 

(d)  The   contractor  shall  not   obstruct  any  existing  roads   on 
the   lands  controlled  by  the   United  States  and  shall  maintain  all 

roads   in  the  vicinity  of  the  work  in  as  good  condition  as  exists  at   the   time 
of  commencement   of  the  work. 

(e)  The  contractor  will  be   required  to  construct  a  covered 
wooden  observation  platform  having  an  area   of  about   six-hundred   (600) 
square   feet  for  the   use   of   the  general   public.     This   platform  shall  be   con- 
structed at  a  location  selected  by  the  contracting  officer.     The   contrac- 
tor shall  also  provide  suitable  and  safe  access  to  the   observation  plat- 
form for  the  general  public  so  that    it  may  observe   the  work  in  progress. 
No     separate   payment  will  be  made   for  this  work, 

1-15.      CAI^  CCNSTRUGTION  AllD  SUPERVISON. 

(a)  The   construction,    operation  and  maintenance   of  facilities 
for  the  quartering  and  subsisting   of   the   contractor's  employees  will  be 
subject   to  the  approval   of  the  contracting  officer   if  the  facilities  are 
located   on  Government   property.     The   contractor  will  be   permitted  to 
construct   such  facilities   on  the  right-'Cf-way  owned  by  the  Government 
Qnly  at  such  location  specifically  approved  by  the   contracting  officer. 
The   type    of  construction  and  design  for   the  buildings  erected  by  the   con- 
tractor will  be  subject   to  the  approval   of  the  contracting  officer.     Ex- 
pensive  or  permanent   types   of  construction  will   not   be  required,    but  no 
unslightly,    unsanitary  shacks  or  shanties  will  be   permitted.     The   contrac- 
tor will  be  required  to  comply  with  State   and  local   laws  relative   to  police 
and  sanitary  measures  and  with  other  protective  measure   imposed  by  the 
contracting   officer   in  the  administration  of  his  camps.      In  the  event   of 
noncompliance  with  such  laws   and  regulations,   the   contracting  officer  will 
enforce   them  at  the  expense   of  the  contractor,     "^he   contracting   officer 
may  require   the  contractor   to  discharge   any  employee   from  the  work  for 
violation  of  camp  regulations.      (See  paragraph  1-21    (c),) 

(b)  In  the  event   the   contractor  loakes  arrangements  withland- 
owners,    other  then  the  G-overnment,   near  the  site    of  work  for   the   con- 
struction of  temporary  facilities   for   the  quartering  and  subsisting   of 

his  employees,   he  will  be   subject,    in  the   operation  and  maintenance  of  such 
camp,    to  all   the  provisions   of  subparagraph  (a)  above  with  respect   to  the 
requirements  for  compliance   with  all  State  and  local   laws  relative   to  police 
and  sanitary  measures,   and  with  measures  such  as  safety,    fire   hazard  and 
protection,   etc.,    imposed  by  the  contracting  officer.      In  the  event   of  non- 
compliance with  such  laws  and  regulations  while   operating  and  maintaining 
a  temporary  camp  not   on  the  Government -owned   or'  controlled  property,    the 
contracting   officer  will  enforce   them  at   the  expense   of  the  contractor. 
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The  contracting  officer  may  require   the  contractor   to  diacharge   from  the 
work  any  employee   for  violation  of  camp  regulations,   notwithstanding  the 
fact   that   the  camp  ney  not   be  located   on  Government -owned  or  controlled 
property. 

(c)   In  the  event   the   contractor  provides  subsistence   for  his 
employees,   he   shall  also  provide   subsistence   to  such  Government  employees 
as  may  require  such  accommodations  and  at   the  same  rates  charged  his 
own  employees. 

(d)     No  business   or  recreational   facilities   shall  be  established 
or   operated  on  Government -owned  or  controlled  lands  without   the  written 
approval   of  the  contracting  officer. 

1-16.     BORROiT  PITS. 

(a)  Should  the  contractor  locate  deposits  of  bank  run  sand  and 
gravel   or  other  materials  within  the  Government-controlled  area   in  the 
reservoir   or  adjacent   to  the   site,   which  are   satisfactory  to  the  contract- 
ing  officer,   he  may,    on  approval   of  the  contracting  officer  use   such 
deposits.     No  charge  will  be  made   to  the   contractor  for  materials  author- 
ized to  be  taken  from  Government-controlled  lands  and  used   in  the  work 
covered  by  these  specifications.     All  borrow  pits  shall  be  left  in  a  neat 
and  sightly  condition,   and  all   pits  above   the   normal  ground  water  table   shall 
be  adequately  drained.     Side  slopes  shall  be  not  steeper  than  1   on  3«     No 
separate  payment  will  be  made  for  such  work. 

(b)  Approval   of  material  sources  by  the  contracting  officer 
shall  not  constitute  approval   of  all  materials  taken  from  such  deposit 

and  the  contractor  will  be  responsible  for  the  quality  of  all  material  used 
in  the   work. 

(c)  Should  the  contractor  obtain  materials  from  deposits   on 
private  lands  he   shall  pay  any  royal ities   or  other  charges  required,  and  the 
contracting  officer  assumes  no  responsibility  for  such  use,  and  the  Govern- 
ment will  not  be  obligated  in  any  way. 

1-17.     DATUM  AND  REFERENCE  BENCH  RiARIB.   -  The   plane   of  reference   used 
in  these  specifications  and  on  the   drawings   ia  Mean  Sea  Level,     Elevations 
refering  to  this  datum  plane  are   to  be  determined  from  the   following  bench 
mark  J    See  Bulletin  3^kt  Results   of  Spirit  Leveling   in  New  York,     U.  S. 
Geological  Survey,   page  59 • 

Pollys  Creek,  420  feet  east   of,  3,3  feet  from 

south  fence   of  road,    on  south  side   of  river 

road  on  line  of  a  stone  fence  running  north  and 

south,   opposite  barnyard  of  Frank  Polly's  farm; 

top  of  roundheaded  brass  bolt  set   in  concrete  base 

(U,  S.  Corps  of  Engineers  4).     Blevation  221.378, 

1-18,      PHYSICAL  DATA. 

(a)     Foundation  data.    -  Investigations,    including  surveys,  borings, 
test  trenches,   pits  and  test  shafts  made  at  the  site  by  the  United  States 
to  deterjuine     the  character  of  the   foundation  materials  are  shown  on  the 
drawings  referred  to  in  paragraph  I-04. 

The  United  States  does  not  guarantee   that   other  materials  will  not 
be  encountered  nor  that  the  proportions  of  the  several  materials  will  not 
vary  from  those   indicated  by  the  explorations.     Bidders  are  expected  to 
examine   the  site   of  the  work,    the   logs   of  borings,   test  pits,   probings, 
and  the  cores  and  samples  which  are  available  at  the  U.  S.  Engineer  Officer, 
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rassena,  New  York,  and,  after  investigations,  decide  for  themselves  the 
chaiacter  of  the  materials  and  make  their  bids  accordingly. 

(b)  Weather  Conditions.  -  Meteorological  data  in  the  form  of  rain- 
fall  and  temperature  records,  prepared  frooi  records  covering  a  period  of 
33  years  (190?  to  1939,  inclusive),  of  the  U.  S.  Weather  Bureau  Station  at. 
Canton,  New  York,  approximately  35  miles  southwest  of  the  site  of  the  work, 
are  as  follows: 


Temperature 

Precipitation 

Degrees  Fahi 

enheit 

(r.ean  I.'onthly") 

Mean 

Extreme 

Extreme 

Total 

Inches  of 

n:onth 

r.'onthly 

Max . 

Min. 

Inches 

Snow 

January 

16.8 

61 

-41 

2.64 

14.9 

February 

15.8 

63 

-43 

2.30 

15.5 

March 

27.9 

78 

-30 

2.60 

13.1 

iipril 

41.7 

85 

-1 

2.59 

4.9 

May 

54.2 

93 

21 

3.03 

0.2 

June 

63.5 

97 

30 

3.51 

0 

July 

68.8 

99 

34 

3.62 

0 

August 

66.5 

96 

35 

3.42 

0 

September 

58.8 

91 

25 

3.44 

0.1 

October 

47.4 

83 

14 

3.04 

1.0 

Novenber 

35.0 

75 

-15 

3.02 

7.5 

December 

21.4 

61 

-37 

2.62 

14.5 

(c)  St. 

Lawrence  River  Water  Temperature.  -  The  St. 

Lawrence 

River  water  temperatures  prepared  from  records  covering  a  period  of  8  years 
^1933  to  1940.  inclusive)  of  the  City  Engineer,  Ogdensburg,  New"  York,  are 
as  follows: 


Water  Temperature 
Degrees  Fahrenheit 


Mean 

Month 

Monthly 

January 

32.7 

February 

32.9 

March 

33.0 

April 

36.2 

May 

46.9 

June 

58.8 

July 

(>5.5 

August 

70.5 

September 

64.6 

October 

56.4 

Noveaber 

46.5 

December 

35.7 

Extreme 
Max. 


Extreme 

Min. 


36 

37 

37 
46 

60 
66 

73 
74 
72 
65 
52 
44 


32 
32 
32 
32 
37 
49 
59 
63 
59 
50 
37 
32 


The  above  data  are  included  for  the  information  of  the  contractor.  The 
Government  assumes  no  responsibility  for  their  completeness  or  accuracy 
or  for  deductions,  interpretations,  or  conclusions  drawn  therefrom. 

(d)  River  Stages.  -  Mean  low  water  of  the  St.  Lawrence  Kiver  at 
the  foot  of  Barnhart  Island  is  at  Elevation  I58.6.  During  the  period  of 
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record  of  winter  water  sxxrf&ce  eleirations,   1913  to  1940.  inclasiTe.  the 
naxlmum  stage  occurring  at  this  point  during  the  winter  nionths  of  December- 
Iferch,   inclusiye,   is  estinated  to  have  been  Elevation  I96.2  (Jan.   1918)* 
Winter  stages  frequently  hare  reached  levels  between  El.   175  and  El*   190* 
Such  hi^  stages  are  produced  by  ice  conditions  in   the  river  downstream 
frcn  the  site  of  the  work  emd  are  not  expected  to  occur  during  the  period 
April  16  to  Nov  .30*     The  maximum  stage  occurring  at  the  aforeraentioned 
location  from  i860  to  I940  inclusive  during  the  period  April  16  to  Nov.  30, 
is  estifloated  to  have  reached  approximate  Elevation  l62.6.     Additional  data 
on  river  stages  are  available  for  inspection  in  the  U*  S.  Engineer  office* 
Itossena,  N*  T*     The  Grovemment  dotts  not  guarantee  the  completeness  or 
accuracy  of  any  of  the  above  data  and  assumes  no  responsibility  for  de- 
ducticKis.   interpretations,   or  conclusions  drawn  therefrom. 

(e)     Utilities.   -  In  the  event  that  power  lines,   telephone  or 
telegraph  lines,  pipe  lineta*  cables,  or  other  utilities  are  encountered 
within  the  limits  of  the  work  including  the  access  right-of-way,   the  con- 
tractor shall  notify  the  contracting  officer  in  writing  <3f  any  necessary 
ebangss  in  such  utilities  not  less  than  30  days  in  advance  of  the  date 
he  desires  such  changes  nade.     The  contracting  officer  will  arrange  for 
the  relocation  or  reccnstzMction  of  such  utilities  by  other  agencies,   or 
will  authorize  the  contractor  to  remove  them,  at  no  extra  cost  to  the  Gov- 
ernment, to  the  extent  required  for  execution  of  the  contract  work. 

1-19.     TRiUJSPORTATION  JACILITIBS.   .  The  following  data  on  transporta- 
tion facilities  is  furnished  for  the  information  of  the  cootractor  but 
the  Government  assumes  no  responsibility  for  its  completeness  or  accuracy 
flmd  the  contractor  is  expected  to  investigate  the  conditions  and  determine 
for  himself  the  probable  transportation  facilities  available. 

(a)  Railroads»  -  At  the  present  time  the  nearest  rail  facilities 
are  the  New  York  Central  Railroad  connections  with  Sfessena,  N.  T.  and 
Ouiadian  Nati(mal  Railroad  connects  with  Cornwall,  Ontario,  Canada.     As 
shown  on  the  plans  a  railroad  connecticm  will  be  built  by  others  prior  to 
this  contract  ocnnecting  the  Canadian  National  and  New  York  Central  and 
Ottawa  Branch  in  Canada  to  the  power  house  site. 

(b)  Hirfiways «  -  On  the  Canadian  side,  Kings  Highway  No.  2  passes 
near  the  site,  and  an  access  highway  will  be  built  by  othezs  as  indicateid 
on  the  drawings  prior  to  this  contract. 

On  the  United  States  side,   the  village  of  icissena  is  served 
Vy  New  York  State  Highways  No.  37*  No.  36,  and  No.  420.     U.  S.  Highway  No.  11 
passes  throu^  Potsdam,  about  21  miles  from  Hassena  via  N.  Y.  Highway  No.  420. 
Several   improved  town  or  county  roeds  connect  the  aforementioned  State  Hi^- 
ways  to  points  on  the  south  side  6f  the  river  opposite  the  site*     A  cross- 
ing will  be  provided  later  at  Long  Sault  Dam.     (See  paragraph  I-I4  (c)). 

(c)  later.  -  The  nearest  port  to  the  site  of  the  work  providing 
docking  and  other  harbor  facilities  is  Cornwall,   Ontario,  Canada.     Cornwall 
is  accessible  ^  water  from  Lake  Ontario  emd  from  the  head  of  deep-water 
navigation  at  Montreal  by  means  of  the  St.  Lawrence  Canals  and  open -river 
stretches  of  navigable  channels.     Locks  in  the  canals  generally  limit  the 
size  of  craft  to  widths  less  than  45  feet,   lengths  less  than  230  feet,  and 
drafts  less  than  14  feet.     For  a  detailed  description  of  the  existing  canal 
and  look  clearances  and  depths,   the  contractor  is  referred  to  the  booklet  *nie 
Canals  of  Canada*',  published  by  the  Departr7)ent  of  Traninx*^'^*  Ottawa,  Ontario, 
Canada,   copies  of  which  are  available  for  inspection    in  the  U  .  s*  Engineer 
Qffioe*  Itossena,  N.  Y*     The  navigation  seascm  is  usually  limited  by  ice  conditions 
to  the  period  frnn  April  20  to  December  1. 
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1-20.      ORGAIIIZATICN.   PUL\T  AND  PROGRESS. 

(a)  The  contractor  shall  perform,  directly  and  without  subcon- 
traction,  not  less  than  fifty  percent  (50^)  of  the  work,  to  be  calculated 
on  the  basis   of  the  contract  price. 

(b)  The   contractor  shall  employ  an  ample   force   of  properly 
experienced  men  and  provide  a   construction  plant   properly  adapted  to  the 
work  and  of  sufficient  capacity  and  efficiency  to  accomplish  the  work  in 

a  safe  and  v.'orkmanlike  manner  at   the  rate   of  progress  specified  in  his  bid. 
All   plants  shall  be  maintained   in  good  working  order  and  provision  shall 'be 
nede   for   immediate  emergency  repairs.     No  reduction   in  the   capacity  of  the 
plant  employed  on  the  work  shall  be  made  except   byivritten  permission  of 
the   contracting   officer.     The   measure   of  the    "capacity  of  the   plant"   shall 
be   its  actual   performance   on   the  work  to  which  these   specifications  apply. 
It   is   understood   that  award   of  this  contract   shall  not  be  construed  as  a 
guaranty  by  the  United  States   that  plant   listed   in  statement   of  contractor 
for  use   on   this  contract    is  adequate   for  the   performance   of  the  work. 

(c)  Should  the   contractor   fail  to  maintain  the  rate   of  progress 
proposed   in  his  bid,    the   contracting   officer  may  require   that  additional 
men   or  plant,    or  both,   be  placed  on  the  work,   working   if  necessary  during 
additional  periods,   or  a  reorganization  of  plant   layout  be  effected  in  order 
that  work  be  brought   up  to  schedule  and  maintained  there.     Should  the  con- 
tractor refuse    or  neglect   so  to  increase   the  number  of  rsen  or  plant,    or 
both,    or   to  reorganize   the  plant   layout   in  a  manner  satisfactory  to  the 
contracting  officer,    the   latter  may  proceed  under   the  provisions   of  Art- 
icle  9   of  the   contract. 

1-21.      LIABILITY  A2JD  SAFETY  REQUIREr.EITTS. 

(a)  Accident  Prevention.    -   In  order  to  protect   the   life  and 
health  of  employees   in  the   performance   of  this  contract,    the  contractor 
will  comply  with  all  pertinent   provisions   of  the    "Safety  Requirements   in 
Excavation  -  Building  -  Construction"  approved  by  the  Chief   of  Engineers, 
December  l6,    1941.    (a  copy  of  which  is   on  file   in  the   office   of  the   contract- 
ing  officer)  and  as  may  be  amended,  a  nd  will   take   or  cause  to  be   taken 

such  additional   measures  as   the   contracting  officer  may  determine   to  be 
reasonably   necessary  for  this   purpose.     The   contractor'  will   maintain  ar 
accurate  record  of  and  willjreport  to  the  contracting  officer   in  the  manner 
and  on  the   forms  prescribed  by  the  cotitrsctihg  officer,   all  cases  of  death. 
Occupational  disease   and  traunKitic   injury  arising  out    of  or  in  the   course 
of  employment  on  work  under  this  contract.     The  contracting  officer  will 
notify  the   contractor   of  any  non-compliance  with  the   foregoing   provisions 
and   the  action  to  be   taken.     The  contractor  shall,   after  receipt   of  such 
notice,    immediately  correct   the  conditions   to  which  attention  has  been  di- 
rected.    Such  notice,  when  served   on  the  contractor  or  his  representative 
at   the  site   of  the  Tiork,    shall   be  deemed  sufficient   for  the   purpose  afore- 
said.     If  the  contractor  fails   or  refuses  to  comply  promptly,    the  contract- 
ing  officer  may  issue  an  order  stopping  all   or  any  part   of  the  work. 
When  satisfactory  corrective  action  is   taken,   a   start   order  will  be    issued. 
No  part   of   the  ti.ae  lost  due   to  any  such  step  order  shall  be   made   the 
subject   of  claim  for  extension  of  time   or  for  excess  costs   or  damages  by 
the  contractor. 

(b)  The   contractor  will   not  be  allowed  to  block  or   obstruct  any 
public   highway  without   having  secured  prior   permission  from  the  contracting 
officer,  and  he  shall   provide  safe,    temporary  detours.      During  the  time 

the   public  highways  may  be  so  blocked,   the  contractor   shall  place   danger 
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lights,  barricades  and  warning  signs  in  accordance  with  all  applicable 
laws  and  regulations. 

(c)  The  contractor  shall  be  responsible  that  his  employees  strict- 
ly observe  all  applicable  laws  and  regulations  affecting  all  operations  at 
the  site  under  the  contract.   He  shall  comply  with  all  applicable  Federal, 
State  and  local  laws  and  regulations  including  those  concerning  the  in- 
spection of  boilers  and  other  equipment,  the  licensing  of  engineers  and 
other  employees. 

(d)  The  United  States  will  not  be  responsible  for  any  daiiiage  to 
or  increased  difficulties  in  performance  of  the  work  under  this  contract  on 
account  of  any  scour  or  other  changes  in  the  river  bed  or  banks  or  water 
currents  resulting  Ttotn   other  construction  at  the  site,  and  no  payments, 
allowances  or  deductions  will  be  made  for  or  on  account  of  any  euch  damage 
or  difficulties. 

(e)  Nothing  in  this  paragraph  shall  be  construed  as  modifying 
the  responsibility  of  the  contractor  as  set  forth  in  Article  10  of  the  con- 
tract. 

1-22.   LIGHTS.  -  The  contractor  shall,  at  his  own  expense,  display 
proper  lights  continuously  each  night,  between  the  hours  of  sunset  and  sun- 
rise and  during  fogs,  upon  cofferdams,  all  floating  plant  connected  with 
the  work,  and  all  ranges  and  other  stakes  in  connection  with  it,  when 
necessary  in  the  opinion  of  the  contracting  officer,  and  shall  be  respon- 
sible for  all  damages  resulting  from  any  neglect  or  failure  in  this  respect. 
If  work  is  done  at  night  the  contractor  shall  maintain,  from  sunset  to  sun- 
rise, such  lights  on  or  about  his  plant  as  the  contracting  officer  may 
deem  necessary  for  the  proper  observation  of  the  operations. 

1-23.  USE  OF  EXPLOSIVES.  -  The  contractor  shall  use  the  utmost  care 
in  the  use  of  explosives  necessary  for  the  prosecution  of  the  work,  not 
to  endanger  life  or  property.  All  blasting  operations  shall  be  conducted 
by  experienced  men  only.  The  handling  anduse  of  explosives  shall  be  done 
strictly  in  accordance  with  the  specifications  issued  by  the  U.  S.  Bureau 
of  Mines,  and  all  applicable  laws  and  regulations.  Failure  to  observe 
necessary  precautions  will  be  sufficient  grounds  for  temporary  suspension 
of  the  work.  All  explosives  shall  be  transported  and  stored  in  a  secure 
mannel:,  and  in  accordance  with  local  and  State  laws:  all  vehicles  and  such 
storage  places  shall  be  marked  clearly  "DANGER-EXPLOSIVES",  and  shall  be  in 
the  care  of  competent  watchmen  at  all  times.  In  no  case  shall  caps  or 
other  detonators  be  stored  or  transported  with  dynamite  or  other  explosives. 
The  location  of  magazines  for  the  storage  of  explosives  and  for  the  sepa- 
rate storage  of  detonators  shall  be  subject  to  the  approval  of  the  contract- 
ing officer. 

1-24.   PROPERTY  DAI/JVGE. 

(a)  Damage  to  Government  property  or  to  the  works  due  to  failure 
of  the  contractor  to  carry  out  the  terms  of  the  contract  and  specifications, 
to  take  reasonable  precautions,  or  to  maintain  progress  to  approved  eched- 
ules,  or  to  carry  out  the  instructions  of  the  contracting  officer  shall  be 
made  good  by  the  contractor  without  expense  to  the  United  States.  He  will 
also  be  held  responsible  for  any  damage  done  to  adjoining  property  through 
his  neglect  or  failure  to  take  proper  precautions  (See  Article  10  of  the 
contract). 
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(b)    The  contractor  will   not   be  hold  responsible   for  damage  sus- 
tained by    the   permanent  work  I'rom  accident,    flood,    or  exposure  v^here   such 
damage   is   not  due   to  his  fault  or    negligence   and  where   the  work   is  being 
conducted    in  accordance   with   the   tex'ras   and  schedule    of   the   contract   and 
specifications,    but   he    shall  make   such  repairs  as   the    contracting   officer 
m-.y  direct   to  such  damaged  portions   of  the   uurk,   at   the  applicable     contract 
unit   prices   for  the  various    itenis   of  work. 

1-25.      L'^SPECTION. 

(a)  The   work  will   be   conducted  under  the  general   direction  of 
the   contracting   officer  and   will  be   inspected   in  accordance   with  Article   6 
of  the   contract  by  inspectors  appointed  by  him.     The    inspectors  will  keep 
a  record  of   the  work  dorie  and  see   that   the   location  and   limit  riBrks  are 
kept    in  proper  order,    but   the   presence   of  the   inspector  shall  not  relieve 
the   contractor  or  his  responsible  agent   (see  Article   8  of   the   contract 

of  responsibility  for  the   proper  execution  of  the   work. 

(b)  Should  the   contractor  refuse,    neglect   or  delay  compliance 
with  the   requirements  concerning  facilities   for   inspection  and  layout   (see 
paragraph  1-26),      the  specific  facilities  may  be   furnished  and  maintained 
by  the  contracting  officer,   and   the   cost   thereof  deducted  from  any  amounts 
due    or   to  become  due   the   contractor. 

(c)  Except  as  specified  in  this  paragraph,  in  Article  6  of  the 
contract,  and  in  paragraphs  I-3I  (d)  and  1-26,  all  expenses  of  inspection 
will  be  borne   by  the  United  States, 

(d)  It   is   understood  that  any   instructions,    or  decisions  given 
by  a   superior   officer,    through  the  contracting  officer,   are   to  be   considered 
instructions   or  decisions   of  the   contracting  officer,    in  all  cases  where, 
under  the   terms   of  this  contract,   decision  rests  with  the   contracting  off- 
icer. 

,  (e)     The  contractor  shall  furnish  a   suitable  room  containing 
at  least   I50  square   feet   of  floor  space,   at  each  of  his  concrete  mixing 
plants  for  a  Government   laboratory  to  be   used  for   temporary  storage   of  con- 
crete  cylinders,   and  determination  of  moisture  content   of  the   concrete 
aggregate.     This  room  shall  be   protected  from  the  weather,   properly  lighted, 
provided  with  necessary  work  tables  and  benches,   and  shall  be  heated   if 
concrete  work  is  done    in  cold  weather.     The   location  for  this  room  shall   be 
subject   to  the  approval   of  the  contracting  officer.     The  contractor  shall 
provide,   during  the  construction  period,   electricity  for  light  and  miscell- 
aneous  uses,    see  paragraph  1-11    (b),   and  an  adequate  supply  of  water   for 
drinking  and   sanitai-y  purposes    in  the  Government   field   office,   constructed 
in  accordance   with  Section  XII   of  these  specifications. 

(f )    gortablfl    Building.    -  The  contractor  shall  furnish  two  suit- 
aole  portable    buildings,   located  as  required  by  the  contracting  officer 
within  the  site    of   the  work,    for   use  by  the  Government.     These  buildings 
shall  be  approximately  10  feet  by  12  feet  and  shall  be  supplied  with  an 
instrument  rack,    a  built-in  desk,    clothes   lockers,    supply  cabinet  with  lock, 
bench  and  such  other  appurtenances  as  may  be  required  by   the   contracting 
officer.     The   buildings  may  be  of  any  type  construction  as  approved 
by  the  contracting  officer  and  shall  be   movable,   as   the   contracting   officer 
may  require   them  to  be  shifted  during   progress  of  the   work.     They  shall  be 
reasonably  weather   proof,   and  shall-be   supplied  with  heat  and  electric 
lights  without  cost   to  the  Government. 
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1-26.      LINhS, GRADES  AND  i\EASlBErv'ENrS  . 

(a)  "^he  work  shall  be   carried  out   in  strict  accordance  with  lines, 
grades,   and  dimensions  shown  on  the  drawings   or  as  directed  from  tine   to 
time  by  the  contracting  officer. 

(b)  The   contractor  shall,   at  his  own  expense,    furnish  all  stakes, 
templates,    patterns,    platforms  and  special   labor   that  may  be  required  in 
setting  and  cutting,    or  laying  out  any  part   of  the  work. 

(c)  The  contracting   officer  will   furnish  the   control  points, 
lines,  grades,   and  elevations   necessary  to  enable    the   contractor  to  per- 
form the  construction  work.     After  this   layout  has   been  irade  by  the   contrac- 
ting  officer,    it  shall  be  the  responsibility  of  the  contractor  to  supply 
and  maintain  all  additional  survey  points,   grade   stakes,    form  locations  and 
other  work  lines  necessary  for  the  proper  execution  and  conduct   of  the 
work.     From  time   to   time  during   the  progress   of   the  work,    the  contracting 
officer  will  check  the  contractor's   lines  and  grades  to  determine  whether 

or  not  the  work  is  being  accurately  and  properly  executed,   but  such  checks 
will   in  no  way  relieve   the  contractor  of  the  responsibility  for  executing 
the  work  in  accordance   with  the   plans  and  specifications,    und  the    original 
field  layout  furnished   by  the  contracting   officer. 

(d)  Bench  marks,    trian^ulation  stations, and  principal  control 
points  shall  be  preserved  by  the   contractor  and  in  case   of  their  destruction 
or  removal  by  him  or  his  employees,    they  will  be  replaced  by  the  contract- 
ing officer  at  the  contractor's  expense. 

1-27.     CHANGES  AND  CHANGED  CO:©ITIONS.   -  When  changes  are  made   in  the 
specifications   or  drawings,    or  changed  conditions  are  encountered  during 
the  progress   of  the  work,   which  cause  an  increase   or  decrease   in  the  amount 
due   under  the  contract,    or   in  the   time  required  for  its  performance,   an 
equitable  adjustment  shall   be  aade   in  accordance   with  Articles  3  ^iid  4  of 
the  contract, 

1-28.     MNCR  MODIFICATIONS.-  The  right   is  reserved  to  make  such  minor 
changes   in  the  execution  of   the  work  to  be  dOne  under  these  specifications 
as,    in  the    judgment   of  the   contracting-   officer,  may    be  necessary  or  expedi- 
ent to  carry  out  the   intent   of  the  contract;   provided,    that  the   unit  cost 
to  the   contract>or  of  doing  the  work  shall  not  be   increased  thereby,   and 
no  increase   in  unit   price   over  the  contract  rate  will  be   paid  to  the  con- 
tractor on  account   of  such  changes.      (See  Articles  3,4.   and  5  of  the 
contract), 

1-29.      CLAIIS  PROTESTS  AND  APPEALS 

(a)     If  the  contractor  considers  any  work  demanded   of  him  to  be 
outside  the  requirements  of  the  contract  or   if  he  considers  any  action  or 
ruling   of  the  contracting   officer  or  of  the   inspectors   to  be  unfair,   the 
contractor  shall  without  undue  delay,   upon  such  demand,   action,    or  ruling, 
submit  his  protest  thereto  in  writing  to  the  contracting   officer,    stating 
clearly  and   in  detail   the  basis  of  his   objections.     The  contracting   off icer 
shall   thereupon  promptly  investigate   the   complaint  and  furnish  the   con- 
tractor his  decision,    in  writing,    thereon.      If  the   contractor  is  not  satis- 
fied with  the  decision  of  the  contracting  officer,    he  may,   within  thirty 
days,   appeal   in  writing  to  the  Secretary  of  War,   whose   decision   or  that   of 
his  duly  authorized  representative  shall   be   final  and  binding  upon  the 
parties      to  the  contract.     Except  for  such  protests   or  objections  as  are 
made   of  record  in  the  manner  herein  specified  and  within  the  time  limit 
stated,   the  record,  rulings,   instructions  or  decisions  of  the  contract- 
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Ing  officer  shall  be  final  and  conclusive. 

(b)     All  appeals  from  decisions  of  the  contracting  officer  author- 
ized under  the  contract  shall  be  addressed  to  the  Secretary  of  War,   V?ash- 
ington,  D.   C.     The  appeal  shall  contain  all  the  facts  or  circumstances  upon 
which  the  contractor  bases  his  claim  for  belief  and  should  be  presented  to 
the  contracting  officer  for  transmittal  within  the  time   provided  therefor 
in  the  contract. 

I-30.     PATENTS.  -  The  cohtractor  shall  hold  and  save  the  Government, 
its  officers,   agents,   servants  and  employees,   harmless  from  liability  of 
any  nature  or  kind,   including  costs  and  expenses  for  or  on  account  of  any 
patented  or  unpatent^  invention,   article   or  appliance  manufactured  or  used 
in  the  performance   of  this  contract,    including   its  use  by  the    Qovernment. 

1-31.     STANDARD  TE§TS.   (QUALITY  AND  GUARAITTEES. 

(a)  All  materials  furnished  by  the  contractor,   supplies  and 
parts,  and  assemblies   thereof,   entering  into  the  work  to  be  done  under 
these  specifications,   shall  be  tested  as  specified  herein,    or   if  not  speci- 
fied,   in  conformity  with  Article  6  of  the  contract  and  according  to  the 
best  modern  approved  methods  for  the   particular  type  and  class   of  work. 

(b)  Unless  other  wise  authorized  or  directed,   where  standard 
published  specifications   of  recognized  authorities   or  organizations  are 
specified,    the   latest  revision  of  such  specifications  current  at  the   time 
the  work  is  executed  shall  govern. 

(c)  Unless  waived  in  writing  by  the  contracting  officer,   all 
tests  and  trials  shall  be  made    in  the   presence   of  a  duly  authorized  repre- 
sentative of  the  contracting   officer.     When  the  presence  of  the   inspector 
is  so  waived,   sworn  statments,    in  triplicate,    of  the   tests  made  and  the 
results  thereof,   shall  be   furnished  the  contracting  officer  by  the  con- 
tractor as  soon  as  possible  after  the   tests  are  made. 

(d)  All  costs   of  all  tests  and  trials,  excepting  the  expenses 
of  the  Government   inspector,   shall  be   borne  by  the  contractor  and  shall  be 
included  in  the  contract   price,    unless  specified  otherwise. 

(e)  In  accordance  with  Article  7  of  the  contract,   all     neterials, 
supplies  and  articles  furnished  and  incorporated  in  the  permanent  struc- 
ture  shall  be   of  the   highest  grade,   free  from  defects  and  imperfections, 

of  recent  manufacture,   and  unused.     Workmanship  shall  be   of  the   highest 
grade  and  in  accordance  with  the   best  modern  standard  practice. 

(f)  ^11  articles,   supplies,   equipment,   parts  and  assemblies 
thereof,    of  standard  manufacture,   or  for  which  detail  design  or  requirements 
are  not  prescribe  in  these   specifications  shall  be  guaranteed  by  the 
contractor  against  any  failure   in  proper  use   or  operation,   caused  by 
defective  material,   workmanship  or  design,    for  a  period  of  one   jrear  from 
the  date   of  final  acceptance   of  the  ccmplete  work  under  this  contract. 
Failure   in  any  part  due   to  such  causes  within  that  time  shall  be  promptly 
and  satisfactorily  remedied  by  the  contractor  without  cost  to  the  United 
States. 

1-32.     PROTECTION  OF  STORED  MATERIALS.   -     All  materials,   supplies  and 
articles  delivered  at   the   site   shall  be  adequately  housed  or  otherwise 
protected  against  deteriorationend  damage  to  the  satisfaction  of  the 
contracting  officer.     When  material  stored  at  the  site   and  partly  paid  for 
is  not  adequately  protected  by  the  contractor,   such  material  will  be  kept 
protected  by  the  contracting  officer  at  the  expense  of  the  contractor,  and 
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no  partial  payments  will  be  made  upon  future  delivery  of  the  articles  or 
ccnmodities  in  question. 

1-33.  MISPLACED  MATERIAL.  -  Any  material  that  is  deposited  elsewhere 
than  the  place  designated  or  approved  by  the  contjracting  officer  will  not 
be  paid  for,  and  the  contz^ctor  may  be  required  to  remove  such  material 
and  waste  it  or  redeposit  it  as  directed. 

1-34.  STANDARD  STOCK  PRODUCTS. 

(a)  All  materials,  supplies  and  articles  furnished  shall, 
wherever  so  specified,  and  otherwise  wherever  practicable,  be  the  standard 
stock  products  of  recognized  reputable  manufacturers.  The  standard  stock 
products  of  manufacturers  other  than  those  specified  will  be  accepted  when 
it  is  proved  to  the  satisfaction  of  the  contracting  officer  that  they  are 
eqxjal  in  strength,  durability,  usefulness  and  convenience  for  the  purpose 
intended  (see  Article  7  of  the  contract).  Any  changes  required  in  the 
details  and  dimensions  shown  on  the  drawings  for  the  substitution  of  stand- 
ard stock  products,  other  than  those  provided  for,  shall  be  properly  made 
as  approved  by  the  contracting  officer,  and  at  the  expense  of  the  con- 
tractor. The  references  herein  to  brands  and  catalog  numbers  are  intended 
to  be  descriptive  and  not  restrictive,  and  are  used  only  to  indicate 
articles  that  will  be  satisfactory.  Other  makes  and  catalog  numbers  will 
be  accepted  provided  that  they  are  similar  and  equal  to  those  specified 
herein  or  called  for  on  the  drawings. 

(b)  Date  to  be  Submit t^^i  for  Annrova^^  In  accordance  with 
Article  7  of  the  contract,  prior  to  the  placing  qf  any  purchase  order  for 
products  of  standard  manufacture,  and  sufficiently  in  advance  of  the 
proposed  purchase  date  to  enable  the  contracting  officer  to  determine 
whether  the  proposed  product  ccnforms  to  the  specifications,  the  con- 
tractor shall  submit  for  the  approval  of  the  contracting  officer  complete 
descriptive  data  in  triplicate,  consisting  of  dimensioned  drawings,  catalog 
references  and  specifications,  typical  performance  records,  and  such  other 
information  as  may  be  required  to  be  submitted  on  special  forms  to  be 
furnished  by  the  contracting  officer  to  identify  clearly  each  product  in 
question.  The  tenn  "or  equal"  shall  not  be  used  in  any  descriptive  information 
fximished.  Except  at  the  contractor's  risk  no  purchase  order  shall  be  placed 
for  any  product  which  has  not  been  approved  by  the  contracting  officer. 

(c)  Final  Completion  Data.-  There  shall  be  supplied  3   complete 
sets  of  data,  each  separately  bound  in  a  leather  binder,  for  each  major 
item  of  equipment  furnished  and  installed  under  this  contract.  These  data 
shall  consist  of  all  necessary  instruction  bulletins,  complete  drawings, 
complete  parts  and  material  lists  positively  identifying  each  part, 
manufacturer's  recommendation  as  to  spare  parts,  and  all  other  necessary  data. 

1-35.  PREFERENCE  FOR  DOMESTIC  ARTICLES. 

(a)  With  reference  to  article  18  of  the  contract,  because  the 
materials  listed  below,  or  the  materials  from  which  they  are  manufactured, 
are  not  mined,  produced,  or  manufactured,  as  the  case  may  be,  in  the 
IMited  States  in  sufficient  and  reasonable  available  comaercial  quantities 
and  of  a  satisfactory  quality,  their  xise  in  the  work  herein  specified  is 
authorized  without  regard  to  the  country  of  origin; 
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PlatinuM  Nickel  Asbestos 

Chromimr:  Rubber  China  '^ood  Oil  (Tung  Oil) 

Cork  Teak  Wood  Balsa  Wood 

Jute  Silk  English  Ball  Clay 

Kaurigum  Sisal  English  China  Clay 

Lac  Tin  Natural  Copper -Nickel  . 

Asphalt  Aluminum  Alloy 

Diamonds 

(b)     Articles,    materials   or  supplies  manufactured  in  the   United 
States  and  containing  mercury,  antimony,   tungsten  or  mica   of  foreign  origin 
may  be  used   in  the  -work  herein  specified  because  such  nanufactured  articles, 
materials,    or  supplies   have   been  manufactered   in   the  United  States  sub- 
stantially all  from  articles,   materials,    or  supplies,   mined,    produced  or 
manufactured,   as   the  case  may  be,    in  the  United  States, 

1-36.      INTERFERENCE  WITH  OTHER  CONTRACTCRS.    -   Other  contractors  will 
perform  work  on   the  Earnhart   Island  Power  House   pertaining  to  installing 
and   placing  electrical  equipment,   and   operating  equipnKnt  and  finishing 
interior  of  powerhouse.      In  addition  other  major  work  will  be  undertaken  in 
the   vicinity  of  the   power   house  at  approximately  the   same   time,   such  as 
the   Cornwall  Canal  and  lock  and  the  Long  Sault  Dam.     The   contractor  shall 
not    interfere  with  material,   appliances   or  workmen  of  the  United  States  or 
of  any  other  contractor  who  may  have  work  at   this  site.     The   contractor  for  the 
construction  of  Long  Sault  Dam  will  have  a  right-of-way  for  access  to 
the   site   of  his  work  at  the  westerly  end  of  Barnhart   Island,   and  will  have 
the   right   to  build,   maintainand  use  a  road  and  railroad  on  said  right   of 
way  for  that   purpose,   and  this  contractor  shall   not   interfere  with  his  use 
of  said  right-of-way.     "^he   use   of  said  right-of-way  by  the   contractor  for 
Long  Sault  Dam  will  terminate  after  canal   traffic   has  been  diverted  to   the 
new  Cornwall  Canal  and  when   it  becomes  necessary  for  this  contractor  to 
comnence  work  on  the  north  forebay  dike.      The   location  and  width  of  said 
right-of-way  past   the  north  end  of   the   powerhouse,   across   cofferdam  B, 
and  thence  to  the  access  railroad  and  highway  on  Earnhart   Island,   will   be   as 
shown  on  the  drawings.     As  far  as   practicable ,  all   contractors  shall   have 
equal  rights   to  the   use   of  all  roads,   ground,  and  adjacent  river,   and 
make   equitable  agreements  among  themselves  for  the   use   of  temporary  railroads 
and  highways.      In  case   of  disagreement  regarding  such  use,    the  decision 
of  the  contracting   officer  shall  govern.      (See  Article  I3   of  the   contract). 

1-37 .     RESTORATION  OF  SITE.    -  Before   final  payment   is  made,    the  con- 
tractor shall  remove   f rom  t he  site,   without  expense   to  the  United  States, 
all  rubbish  and  unused  materials   provided  by  him,    temporary  buildings,,    cof- 
ferdams and  other  structures  erected  by  him,   shall  fill  all   holes   or  cavi- 
ties nBde  for  his  convenience,   except  as  otherwise   provided,  and  shall 
leave   the  whole   site   in  good  order  and  condition,   alla;s  required  by  the   con- 
tracting officer. 

1-38.      WAGE  AND  LABOR   PROVISIONS. 

(a)  Pursuant  to  the  provisions  of  Article  I7  of  revised  United 
States  Standard  form  No.  23  the  following  wage  rates  have  been  determined 
by  the  Department  of  Labor: 
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SCHEDULE  OF  WAGE  RATES 

Classification  Kinimum  Rate  per  Houi' 

Blacksmith 

Blacksmith  Helper 

Eoilenriaker 

Boilermaker  Helper 

Bricklayer 

Bricklayer  Tender 

Carpenter  (Skilled) 

Carpenter,  Apprentice,  1st  year 

Carpenter,  Apprentice,  2nd  year 

Carpenter,  Apprentice,  3rd  year 

Concrete  Finisher  (Hough  concrete) 

Concrete  Fonn  Stripper 

Concreteman  (Puddler,  Screeder,  Vibratonrian 

&  Curing) 
Conveyor  Tender 
Dumpman  (Spotter  &  Qrademan) 
Electrician 
Electrician  Helper 
Engineman  (Stationary  Power  Plants) 
Fireman 
Glazier 

Hooktender  (Concrete  Placement) 
Laborer  (Common) 
liiachinist 
Machinist  Helper 
Kason  (Stone) 
J'lechanic 
l%:hanic  Helper 
Millwright 
Motorman  (Dinky). 
Oiler 
Operators  of  Power  Equipment: 

Air  Compressor  (over  730  c.f.m.) 

Air  Compressor  (730  c.f.m.  and  under) 

Air  Hammer  ( Jackhanmer ,  Pavement  Breaker,  etc.) 

Geae&t  Pump 

Concrete  Batching  Plant 

Concrete  Mixer 

Concrete  Pump 

Core  Drill 

Crane  (except  Gantry  Crane) 

Derrick 

Dragline 

Elevating  Grader 

Gantry  Crane 

Grader  (Finish) 

Grader  (Rough) 

Grout  Machine 

Hoist 

Launch  Operator  (130  H.P.  or  under) 

Pile  Driver 
Power  Saw 
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SCHED1DLE   OF  WAGE  RATES      (COOTirTUED) 

Classificatiog  Minimum  Rate   per  Hour 

Power  Scraper 

Pump  (100  H.P.    or  over) 

Pump  (under  100  H,P. ) 

Screening  Plant 

Shovel 

Tractor  (Under  35  H.P.  without  attachments) 

Tractor  (35  H.P.  and  over,   and  all  tractors 
with  attachments) 
Painter 
Pile  Drivermen,  Leadsmen.   Linesmen, 

Nozzelemen,    Wiachmen 
Pipe  Fitter 
Pipe  fitter  Helper 
Plasterer 
Plasterer  Tender 
Plumber 
Plumber  Helper 
Powderman 
Powderman  Helper 
Reinforcing  Steel  Worker 
Rigger 
Roofer 

SheetmetA  1  Worker- 
Signalman,  Concrete  Placement   (Phone  man) 
Structural  Steel  Worker 
Structural  Steel  Worker  Helper 
Teamster  (2  up) 
Teamster   (k  up  or  more 
Tool  Dresser 

Truck  Driver  (under  4  tons) 
Tr)ick  Driver  (k  tons  to  10  tons) 
Truck  Driver   (over  10  tons) 
Welder  (Certified  -  structural  steel) 
Welder  (Certified  -  other  than  structural   steel) 
Welder's  Helper 

(b)     Each  class   of  laborer  and  mechanic  specified  in  the  above 
schedule  shall  receive  not   less   than  the  minimum  rate  of  wages  specified 
therein,   except  that  deductions  from  wages  paid  may  be  made  as  required 
by  any  laws  now  or  hereinafter  Iri  force,    in  the  state   in  which  this  project 
is  situated,   calling  for  contributions  by  emJ)loyees  from  earnings  to  funds 
maintained  in  the  administration  of  an  unemployment  compensation  law  under 
the  Social  Security  Act.      In  the  event   that   it  beoooss  necessary  to  employ 
and  labotftr  or  mechanic  whose  work  la  not  covered  by  any  of  the  classifi- 
cations  in  said  schedule,    he  shall  be  paid  not   less  than  the  prevailing 
rate  of  wages  for  the  class   Of  work  done  by  him.     Such  rate  shall  be  pre- 
determined by  the  contracting  officer.      In  case  any  dispute  arises  as  to 
what  are   the   prevailing  rates   of  wa^-es  for  work  of  a  similar  nature  which 
cannot  be  adjusted  by  the  contracting  officer,  the  matter  shall  be  .referred 
to  the  Secretary  of  Labor  for  determination  and  his  decision  thereon  shall 
be  conclusive  on  all  parties  thereto. 
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(c)  The  contractor  will  be  required  to  furnish  identification 
badges  fpr  all   his  employees.     T^ese  badges  shall  show  the  employee's 
photograph,    printed  name,   and  signature,   and  shall  be   of  a  design  approved 
by  the  contracting  officer. 

(d)  The  contractor,    in  performing  the  work  required  by  this 
contract,    shall  not  discriminate   against  any  worker  because   of  race,   creed, 
color  or  national   origin. 

(e)  'Jhe  contractor  agrees   that  the  provisions  of  paragraph  (d) 
above  will  also  be   inserted  in  all   of  his  subcontracts.      Far  the   purpose 
of  this  article  a  subcontract  is  defined  as  any  contract  entered  into  by 
the  contractor  with  any  individual,    partnership,   association,   corporation, 
estate,   or  trust   or  other  business  enterprise   or  legal  entity,   which  in- 
volves performance,  wholly  or  in  part  at  the  site  of  the  work,   of  seme 
part  of  the  work  to  be  performed  under  this  contract. 

1-39.     REPCEnS  TO  DEPARTMENT  OF  LABCR.   -  The  contractor  shall  report 
monthly,  and  shall  cause  all  subcontractors  to  report  in  like  nenner,   within 
five  days  after  the  close  of  each  calendar  month,  on  forms  to  be  furnished 
by  the  Department  of  Labor,   the  number  of  persons  on  their  respective  pay- 
rolls*  the  aggregate  amount  pf  such  payrolls,  the  man  hours  worked,  and  the 
total  expenditures  for  materials.     He  shall  furnish  to  the  Department  of 
Labor  the  names  and  address  of  all  subcontractors  on  the  work  at  the  ear- 
liest date  practicable,  provided  that  the  foregoing  shall  be  applicable 
only  to  work  at  the  site  of  the  construction  project.      copi«s  of  all  data 
furnished  the  Department  of  Labor  shall  be  promptly  furnished  the  contract- 
ing officer. 

1-40.     INVOICES.   -  The  contractor  shall  furnish  the  contracting  officer 
with  copies  of  all  invoices  for  the  purchase  of  materials,  supplies  and 
plant  in  connection  with  the  work  to  be  performed  under  these  specifications. 
The  contractor's  records  shall  be  subject  to  inspection  by  the  contracting 
officer  to  verify  the  accuracy  and  completeness  of  the  information  furnished. 

1-41.     COST  DATA,   -  the  Government  will  keep  a  record  of  the  costs  of 
the  work  performed  under  these  specifications  and  the  contractor  shall 
permit  the  contracting  officer  to  have  access  to  his  "timekeeping,   invoices 
and  plant  records  for  this  purpose.     Ihe  contractor  shall  also  furnish  the 
contracting  officer  with  a  statement  of  the  initial  cost  and  date  of  pur- 
chase of  all  plant  used  in  connection  with  the  work. 

1-42.     ADJIETIBWr  OF  CONTRACT  PRICE  BY  REASCM  OF  CHANGE  IN  ESDERAL, 
STATE  CR  LOCAL  TA^aS.   -     The  contract  price  will  be  considered  to  include 
all  Federal,  State  end  local  taxes  imposed  prior  to  the  date  of  opening 
bids  and  applicable  to  the  undertaking.     If  any  privilege,  sales,  gross 
receipts  or  other  tax  (exclusive  of  taaes  on  net  income  or  undistributed 
profits),  applicable  to  the   undertaking  and  payable  directly  by  the  con- 
tractor,  is  imposed  or  changed  after  the  date  of  opening  bids  by  Federal 
or  State  enactment,   then  the  contract  price  will  be  increased  or  decreased 
accordingly  and  any  amount  due  or  chargeable  against  the  contractor  as  a 
result  thereof  will  be  adjusted  on  payment  vouchers  as  separate   items. 

1-43.     SUBCCNTRACTCRS.   -  Subcontractors  and  their  employees  shall  be 
considered  to  be  employees  of  the  contractor  as  the  term  "employee*   is 
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used  in  these  specifications. 

1-44.  SITE  OF  WORK.  -  The  term  "Site  of  the  Work",  as  used  in  these 
specifications  and  in  Articles  1?  and  I9  of  the  contract,  will  embrace  all 
areas  wherein  field  operations  are  conducted  by  the  contractor  in  connec- 
tion with  this  contract,  including  work  areas,  shops,  yards,  camps,  etc,, 
irrespective  of  whether  such  operating  areas  lie  within  the  limits  of  work 
areas  or  rights-of-way  shown  on  the  drawings. 

l-k5'     ASSIGMENT  OF  CLAIAS.  -  The  Act  of  October  9,  I940  (Public 
No.  811,  76th  Congress)  provides  that  Sections  3477  and  3737 1  Revised  Sta- 
tutes, shall  not  apply  to  any  case  in  which  the  moneys  due  or  to  become 
due  from  the  United  States,  under  a  contract  providing  for  payments  aggre- 
gating $1,000  or  more,  are  assigned  to  a  bank,  trust  company,  or  other 
financing  institution,  including  any  Federal  lending  agency.  An  assign- 
ment may  be  made  under  this  contract,  pursuant  to  the  Act  of  October  9»  1940t 
cited  above,  and  subject  to  the  further  provision  stated  below: 

(a)  Any  assignment  shall  cover  all  amounts  payable  under  this 
contract  and  not  already  paid  and  shdll  not  be  made  to  more  than  one  party, 
except  that  any  such  assignment  may  be  made  to  one  party  as  agent  or  trustee 
for  two  or  more  parties  participating  in  such  financing. 

(b)  Any  claim  under  this  contract  which  may  be  assigned  may  be 
subject  to  further  assignment  to  a  bank,  trust  company,  or  other  financing 
institution,  including  any  federal  lending  agency,  and  to  similar  further 
assignment;  provided,  that  any  such  assignee  shall  file  written  notice  of 
the  further  assignment  together  with  a  true  copy  of  the  instrument  of  fur- 
ther assignment  with  the  contractor  and  also  as  provided  in  proviso  4  of 
section  1  of  the  Assignment  of  Claims  Act  of  I940  (Public  No.  811,  76th 
Congress)  in  respect  to  original  assignment. 

(c)  No  assignee  shall  divulge  any  information  concerning  the 
contract,  or  contained  therein,  except  to  those  persons  necessarily  con- 
cerned with  the  transaction. 

(d)  Payments  to  an  assignee  of  any  claim  arising  under  this 
contract  shall  not  be  subject  to  reduction  or  set  off  for  any  indebtedness 
of  the  assignpr  to  the  United  States  arising  independently  of  this  contract. 

1-46.   ADJUSTMlilNr  OF  PRICES  FOR  LABOR  AND  LIATERIALS. 

(a)  The  following  terms  used  hereafter  are  defined  as  follows: 

(1)  "Basic  hourly  earnings  index"  shall  be  determined  by 

adding  monthly  average  hourly  earnings  in  the  " ■  industry  as 

indicated  under  heading  " •  in  the  monthly  pam- 
phlet "Hourly  Wages  and  Labor  Bnployment"  issued  by  the  Department  of 
Labor  for:   the  month  in  which  contract  time  coranences,  the  five  (3)  months 
preceding  such  month,  and  the  six  (6)  months  succeeding  such  month;  and  then 
dividing  this  total  by  twelve  (12;. 

(2)  "Basic  materials  index"  shall  be  determined  by  method 

in  (1)  above,  using  monthly  indices  for  item  " •  in 

the  monthly  pamphlet  "Wholesale  Prices"  issued  by  the  Department  of  Labor. 

C3)  "Monthly  labor  adjustment  index"  shall  be  determined 
from  monthly  average  hourly  earnings  identified  as  to  source  in  (1)  above 
as  follows:  Add  the  average  hourly  earnings  for  the  month  for  which  ad- 
justment is  being  made,  the  two  preceding  months  and  the  two  succeeding 
months;  and  then  divide  this  total  by  five  (3)« 

(4)  "Monthly  materials  adjustment  index"  shall  be  deter- 
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mined  by  method  in  (3)  above,  using  monthly  indices  identified  as  to  source 
in  (2)  above. 

C3)  Above  contract  indices  in  ^,l;,  y2},    (3)1  and  (4)  shall 
be  computed  to  nearest  second  decimal  place,  taking  the  decimal  point  as 
located  in  indices  issued  by  the  Depart:nent  of  Labor.  When  third  decimal 
place  computes  to  5  o^"  over,  the  figure  in  second  decimal  place  shall  be 
raised  to  next  higher  figure. 

(b)  (1)  The  proportion  of  the  contract  price  represented  by 

labor,  subject  to  adjustment  in  price,  is  accepted  as  

per  cent  of  the  contract  price. 

v2)  The  proportion  of  the  contract  price  represented  by 

materials,  subject  to  adjustment  in  price,  is  accepted  as        . 

per  cent  of  the  contract  price. 

(c)  (1)  The  labor  cost  for  entire  contract  as  deteraiinc  in 
(b)  (1)  above  shall  within  thirty  (30)  days  after  receipt  of  notice  to 
pioceed,  be  divided  into  monthly  labor  cost  quotas,  prepared  by  th©  con- 
tractor and  subject  to  the  approval  of  the  contracting  officer,  for  each 
partial  or  whole  calendar  iponth  of  the  contract  time  beginning  with  the 
notice  to  proceed. 

(^)  The  materials  cost  for  entire  contract  as  determined 
in  (b)  (2)  above  shall  be  similarly  divided  into  monthly  materials  cost 
quotas  within  thirty  (3O)  days  after  receipt  of  notice  to  proceed. 

(d)  Adjustments  in  payments  shall  be  obtained  for  each  monthly 
cost  quota  as  follows:  -Multiply  monthly  cost  quota  by  the  appropriate 
monthly  adjustment  index,  divide  by  corresponding  basic  index,  and  sub- 
tract monthly  cost  quota.  The  result  shall  be  added  to  or  deducted  from 
payments  to  the  contractor. 

(e)  (1)  If  the  time  for  performance  of  this  contract  is  legally 
extended  by  the  contracting  officer,  there  shall  be  immediately  set  up  by 
the  contractor,  subject  to  the  approval  by  the  contracting  officer,  new 
monthly  cost  quotas  as  necessary.  These  new  monthly  cost  quotas  may  ex- 
tend back  as  far  as  any  month  for  which  adjustments  in  payments  have  not 
been  completed,  but  the  total  of  the  new  quotas  shall  not  exceed  the  total 
of  the  old  quotas  for  which  adjustments  in  payments  have  not  been  completed. 

(2)  If  there  is  an  increase  or  decrease  in  the  work  origin- 
ally contemplated  under  this  contract,  there  shall  be  imnediately  set  up 

by  the  contractor,  subject  to  the  approval  of  the  contracting  officer,  new 
monthly  costs  quotas  for  months  concerned. 

(3)  If  liquidated  dame^ges  are  assessed  against  the  contrac- 
tor under  the  contract,  such  liquidated  damages  shall  not  be  considered  in 
making  adjustments. 

(f )  The  adjustment  pajraent  or  deduction  for  any  one  month  shall 
normally  be  included  with  next  partial  contract  payment  after  receipt  of 
Department  of  labor  indices  for  such  month. 

(g)  The  acceptance  and  final  payment  for  work  and/or  materials 
under  this  contract  shall  be  carried  out  as  elseifhere  provided  in  this 
contract,  and  amounts  retained  for  the  protection  of  the  Government  during 
construction  shall  Jje  promptly  paid  upon  final  acceptance;  Parovided,  how- 
ever, that  an  amount,  as  determined  by  the  contracting  officer,  for  pro- 
tection of  the  Government  in  adjustments  not  yet  completed,  shall  be  re- 
tained; and,  provided  further,  that  the  release  requrred  by  

will  contain  provision  excepting  such  adjustoent  payments 


as  may  become  due  the  contractor. 
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(h)  After  final  payment  for  basic  contractual  price  as  indicated 
in  paragraph  (g)  above  has  been  made,  adjustments  becoming  due  will  be 
delayed  until  all  indices  necessary  for  completion  of  all  a u justments 
under  the  contract  are  available,  when  one  lump  payment  or  deduction  shall 
be  made  for  such  adjustments. 

(i)  In  case  the  final  adjustment  in  the  contract  price  results 
in  a  net  deduction  from  the  contract  price,  the  contractor  and  his  sure- 
ties shall  be  liable  for  the  amount  thereof  until  it  is  refunded  to  the 
Government. 

(j)  When  payment  obligations  under  the  contract  exceed  the  con- 
tract price  as  a  result  of  increases  in  labor  and/or  materials-  costs  to 
the  extent  that  available  appropriations  are  exhausted,  the  Government 
reserves  the  right,  without  further  liability  to  suspend  further  work  under 
the  contract  for  the  account  of  the  Government  or  to  terminate  the  contract 
on  payment  of  contractual  obligations  incurred  up  to  the  point  of  termina- 
tion. 

1-47.   FINAL  EXAMINATION  AND  ACCEPTANCE.-  When  all  work  called  for 
under  this  contract  has  been  completed,  the  contracting  officer  will  make 
a  thorough  examination  of  the  same  and,  if  it  is  found  to  fully  comply 
with  the  requirements  of  the  contract,  it  will  b6  accepted  and  final  pay- 
ment will  be  made  in  accordance  with  the  provisions  of  Article  l6d  of  the 
contract. 

l-i+8.  APPROVAL.  -  This  contract  shall  be  subject  to  the  written  approval 
of  the  proper  authorities  to  be  designated  later  and  will  not  be  binding  until 
so  approved. 
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SECTION  II 

DIVERSION  AND  CARE  OP  THE  RIVER. 

2-01.   WORIC  TO  BE  DONE. 

(a)  Oeneral.  -  The  work  under  this  section  includes  all 
required  work  in  connection  with  handling  the  flow  of  the  river  during 
the  construction  period  of  the  entire  power  house  and  other  structures 
adjacent  thereto  including  the  construction  of  work  in  the  power  house  area 
whether  or  not  such  work  is  a  part  of  this  contract.   The  principal  items 
of  the  work  are: 

(1)  Construe tiont  maintenance,  and  removal  of  cofferdams 
and  other  protective  s'^ructures,  including  cofferdam  sluice  gates  and 
their  operation. 

(2)  Uuwatering  and  maintaining  working  areas  free  from 
water. 

(b)  Scope.  -  Unless  otherwise  specified  or  authorized,  all  work 
on  construction  which  forms  a  part  of  the  permanent  structure  shall  be  done 
in  areas  free  from  water.   The  contractor  shall  construct,  maintain,  and 
remove  all  cofferdams  and  diversion  structures  as  directed  by  the 
contracting  officer,  and  shall  furnish  and  operate  all  necessary  pumps  and 
other  facilities  for  unwatering  and  maintaining  the  various  areas  of  the 
work  free  from  water  as  required  for  construction  each  part  of  the  work. 
On  completion  of  the  work  the  contractor  shall  remove  all  cofferdams, 
equipment,  and  temporary  structures,  as  specified  herein  or  as  directed  by  the 
contracting  officer,  dispose  of  all  debris,  and  restore  the  work  area  to  a 
neat  and  sightly  condition.   The  price  bid  for  each  item  of  the  work  shall 
include  construction,  handling,  placing,  maintaining,  operating,  and 
removing  such  work  unless  otherwise  specified  herein,  and  the  furnishing 
of  all  materials,  labor,  and  equipment  required  therein. 

2-02.  RESPONSIBILITY. 

(a)  The  contractor  shall  be  responsible  for  the  proper  construction, 
maintenance,  operation,  and  removal  of  all  items  of  the  cofferdams  and 
diversion  structures  and  related  services.  Any  part  of  the  temporary  or 
permanent  structures  which  may  fail  or  be  damaged  due  to  negligence  on  the 
part  of  the  contractor,  and  any  damage  resulting  therefrom  shall  be  repaired 

or  replaced,  and  any  required  clean-up  of  debris  shall  be  dene,  all  at  the 
contrkctor*s  expense. 

(b)  The  Government  will  be  responsible  for  the  design  and 
adequacy  of  the  cofferdams  and  diversion  structures  of  the  plan  specified 
herein  and  shown  on  the  drawings  (hereinafter  designated  as  the  contracting 
officer's  plan).   The  Government  will  not  be  responsible  for  failure  or 
damage  resulting  from  negligence  on  the  part  of  the  contractor  nor  for 

design  and  adequacy  of  any  alternate  cofferdam  or  diversion  plaji  designed  by  the 
contractor.   The  Government  will  be  responsible  as  specifically  stated  for 
overtopping  of  a  structure  where  built  to  the  elevation  specified. 

(o)   In  the  event  of  failure,  including  overtopping,  of  cofferdams 
or  diversion  structures  where  built  in  accordance  with  the  contracting 
officer's  plan,  the  contractor  shall  repair  any  damage,  including  clean-up 
of  debris,  to  any  part  of  the  temporary  facilities  or  permanent  construction; 
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Access  across  cofferdam  B  shall  be  available  to  other  interests  as  directed 
by  the  contracting  officer  (see  paragraph  I-36)  and  the  contractor  shall 
at  all  times  maintain  the  cofferdam  so  as  not  to  interfere  with  such 
access. 

(d)  Cofferdam  C  -  Cofferdam  C  shall  be  constructed  as  shown  on  • 
the  plans  to  elevation  I90.   It  is  anticipated  that  the  channel  may  be 
initially  closed  with  a  structure  constructed  to  elevation  I65.  and  that 
the  remainder  of  the  embankment  may  be  later  constructed  of  material  from 
required  excavation.   The  embankment  shall  be  completed  to  elevation  I9O1 
however,  before  the  danger  of  high  water  due  to  ice  gorges  arises. 

(e)  A  stop  log  section  shall  be  provided  with  a  crest  elevation 
of  165.  net  width  of  50  feet,  and  stop  logs  to  elevation  190«   The  section 
under  the  stop  logs  shall  be  composed  of  rook  filled  timber  cribs  sheeted 
on  top  and  sides  so  that  water  may  flow  over  it  in  either  direction  without 
danger  to  the  structure.  Steel  sheet  piling  shall  be  driven  along  the  face 
of  the  timber  crib  section,  the  top  of  the  piling  to  be  at  elevation  l65» 
Stop  logs  shall  be  installed  in  greased  timber  guides  and  made  watertight. 
A  bridge  consisting  of  timber  stringers  and  floor  planking  shall  be 
constructed  over  the  stop  log  openings,  as  shown  on  the  drawings. 

2-06.   COFFERDAM  CONSTRUCTION. 

(a)  Timber  Cribs.  -  Timber  cribs  for  the  sluiceway  in  cofferdam 
C  shall  be  constructed  as  shown  on  the  plans.   The  base  of  each  crib  shall 
be  shaped,  or  tailored,  in  vertical  steps  equal  in  height  to  one  horizontal 
course  of  timber,  to  fit  the  crib  foundations  as  determined  by  soundings  to 
be  made  by  the  Government  prior  to  the  construction  of  the  cribs.   Timbers 
shall  be  fastened  by  means  of  drift  pins  or  bolts  as  shov/n  on  the  plans. 
Joints  in  horizontal  courses  shall  be  staggered  so  that  two  consecutive 
joints  in  a  vertical  plane  shall  not  occur  within  the  li-jiits  of  one  crib 
pocket  and  shall  be  so  placed  that  a  butt  joint  shall  not  occur  immediately 
under  a  cross  timber.   Butt  joints  shall  be  fastened  by  means  of  splice 
blocks  as  shown  on  the  plans.   Holes  for  drift  pins  shall  be  bored  with  a 
bit  1/16  inch  in  diameter  less  than  the  thickness  of  the  square  pin;   holes 
for  bolts  shall  be  bored  with  a  bit  equal  in  diameter  to  the  diameter  of  the 
bolts;  and  holes  for  tie  rods  shall  be  bored  with  a  bit  I/I6"  in  diameter 
larger  than  the  diameter  of  the  rods.  Standard  washers  shall  be  used  under 
all  bolt  heads  and  nuts  which  would  otherwise  come  into  contact  with  the 
wood.   Drift  pins  shall  be  square  in  section,  square  ended  and  without  taper. 

(b)  Timber  Lengths.  -  Length  of  timbers  will  be  such  that  not 
more  than  one  butt  joint  will  occur  in  any  one  horizontal  member  for  cribs 
exceeding  30  feet  in  width.   For  cribs  up  to  and  including  30  feet  in 
width,  titobers  will  be  furnished  in  lengths  equal  to  the  width  of  the 
crib.  Timbers  for  weight  pocket  flooring  will  be  furnished  in  standard 
lengths  closest  to  the  length  required. 

(0)   Crib  Sheathing.  -  Certain  areas  of  the  cofferdam  cribs  shall 
be  protected  by  a  double  layer  of  water-tight  sheathing,  as  shown  on  sheet 
12  of  the  drawings  or  as  otherwise  directed  by  the  contracting  officer. 

(d)  Bridge  over  Sluices.  -  A  bridge  shall  be  constructed  over 
the  sluices  in  the  crib  cofferdam.   The  bridge  shall  be  constructed  of 
timber  stringers  and  floor  planking  as  indicated  or  sheet  12  of  the 
drawings  or  as  directed  by  the  contracting  officer. 
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(e)  Steel  Sheet  Plllgg.  -  Steel  sheet  piling  shall  have  a 
minimum  web  thickness  of  3/8  inoh  and  shall  weigh  not  less  than  31  Its. 
per  sq.  ft.  of  wall.   Piling  shall  be  driven  along  the  faoe  of  the  timber 
crib  section  to  form  a  seal  in  the  river  overburden.  Piles  shall  be  driven 
to  rook  or  to  refusal  and  shall  be  interlocked  throughout  their  length  to 
form  a  continuous  wall.   Proper  precautions  shall  be  taken  to  prevent 
interlock  rupture  or  other  injury  to  the  piles;  and  any  pile  improperly 
driven  or  injured  in  any  manner  shall  be  removed  and  replaced  at  the 
contractor's  expense.   The  top  of  the  piles  shall  be  at  elevation  l65» 

(f)  After  removal  from  a  cofferdam,,  steel  sheet  piling 
shall  remain  the  property  of  the  oontraotori  andi  if  in  a  satisfactory 
condition  may  be  re-used  by  him  in  another  part  of  the  work. 

(g)  Crib  Fill.  -  Crib  fill  steill  be  rook.   Fill  shall  be  placed 
in  the  weight  pookets,  at  the  time  of  placing  the  cribs,  to  trim  and  sink 
the  cribs.   After  the  cribs  are  in  place  all  pockets  shall  be  completely 
filled. 

(h)   Earth  Fill.  Cofferdam-  -  Earth  fill  in  cofferdam  embankments 
shall  be  Class  I,  II,  and  III  where  shown  on  the  drawings.  Class  I  and  II 
shall  conform  to  the  requirements  of  paragraph  k~^k   both  as  to  nature  of 
the  material  and  manner  of  placing.   Class  III  fill  shall  be  material  of  the  same 
nature  as  Class  I  fill,  except  that  stones  need  not  be  removed.   Class  III 
fill  may  be  dumped  in  the  water  and  need  not  be  compacted.  Material  meeting 
these  specifications  is  available  from  the  borrow  areas  indicated. 

(i)  Rock  Fill.  Cofferdam.  -  The  function  of  the  rock  fill  in 
cofferdams  is  to  form  an  initial  fill  to  the  surface  of  the  water  so  that 
the  flow  will  be  sufficiently  stopped  to  permit  placing  earth  fill  and  to 
stabilize  fill  placed  in  the  wet.   The  material  may  be  quarry  run  rock. 
It  shall  be  placed  to  the  slopes  shown  on  the  pleins  and  to  the  height  of  2 
feed  above  the  surface  of  the  water  at  the  time  of  placing  to  permit  the 
construction  of  a  roadway. 

(j)  Riprap.  Cofferdam.  -  Riprap  shall  conform  to  the  requirements 
of  paragraph  4-08(a)(2). 

(k)   Drain  Pipe.  Cofferdam.  -  Corrugated  iron  drain  pipes 
conforming  to  the  requirements  of  paragraph  6-06  shall  be  placed  in  cofferdaja 
C  as  shown  on  the  drawings. 

(1)  Sand  and  Gravel  Backing.  -  Sand  and  gravel  backing  for 
cofferdams  shall  conform  to  the  requirements  of  paragraph  4-07« 

(m)  Filter.  -  Filter  for  cofferdams  shall  conform  to  the 
requirements  of  paragraph  4"06. 

(n)   Cofferdam  Removal.  -  After  the  work  enclosed  by  the  cofferdams 
has  progressed  to  such  extent  that  the  cofferdams  are  no  longer  needed, 
the  contractor  shall  remove  cofferdam  C  to  elevation  137  or  river  bed. 
Cofferdams  A  and  B  will  not  be  removed. 

(o)   All  materials  of  all  kinds  used  for  the  construction, 
maintenance,  or  repair  of  cofferdam  C  shall  be  completely  removed  to  the 
specified  elevation  and  disposed  of  without  the  use  of  explosives  or  the 
scouring  action  of  the  stream  and  no  material  shall  be  permitted  to  float 
or  wash  down  the  channel.   Earth  and  rock  shall  be  deposited  in  the  spoil 
areas  shown  on  the  drawings  and  no  payment  for  haul  or  overhaul  of  material 
to  such  areas  shall  be  made. 

2-07.   (JNiJJATERING.  - 

(a)   Pumping;.  -  The  contractor  shall  unwater  the  area  enclosed  by 
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the  cofferdams  and  shall  maintain  all  parts  of  the  work  free  from  water  as 
required  for  the  prosecution  of  tha  work.   Tho  oontraotor  shall  furnish, 
install,  maintain,  and  operato  all  pumps  and  appurtenant  equipment, 
inoluding  suitable  equipment  for  measuriag  the  water  removod.   Pumps  for 
unwatering  shall  have  sufficient  capacity  to  remove  the  tvater  impounded  with- 
in the  cofferdams  in  not  more  than  15  days.   The  capacity  of  the  pumps 
provided  and  the  general  location  and  arrangement  shall  be  subject  to  the 
approval  of  the  contracting  officer,  who  may  order  the  installation  of 
additional  pumps  and  equipment  if,  in  his  opinion,  such  action  is  necessary 
to  insure  the  safety  of  the  structure,  the  progress  of  th?  work  or  to  maintain 
working  areas  free  from  water.   After  the  power  house  gatas  have  been 
installed,  the  contracting  officer  may  require  that  pumping  be  stopped 
and  no  further  payment  will  be  made  for  subsequent  unwatering. 

(b)   Flooding.  -  Stop  logs  are  specified  in  tha  downstream 
cofferdam  so  that  the  entire  area  may  be  flooded  whenever  extreme  high 
water  conditions  threaten  damage  to  the  cofferdams,  the  work  in  progress 
or  surrounding  property.   The  contractor  shall  maintain  thn  stop  logs  in 
perfect  openting  condition  at  all  times  and  shall  operate  them  as  and  when 
directed  by  the  contracting  officer. 

Although  it  is  oontemplatod  that  every  effort  will  bo 
made  to  avoid  the  necessity  of  flooding  the  work  area,  mvortheless  the 
contractor  shall  make  provision  each  year  as  the  ice  gorge  season  approaches 
so  that  the  minimum  amount  of  damage  shall  result  should  flooding  be 
necessary.  To  this  end  he  shall  provide  by  revetment  or  by  protection  with 
planks,  sheeting,  brush  or  rock,  as  directed  by  the  contracting  officer,  a 
suitable  channel  leading  from  the  sluiceway  to  a  low  point  in  the  work  area 
so  that  exessive  scour  will  be  avoided.  Such  works  shall  be  located  with 
reference  to  the  existing  state  of  excavation  at  the  time  and  may  be  removed 
after  the  danger  of  ice  gorges  has  passed  for  the  year. 

Payment  for  such  work  will  be  made  as  specified  in  Articles 
3  and  4  of  the  contract. 

2-08.   MEASUREMENT  AND  PAiaiENT.  - 

(a)  Timber  Cribs.  -  Payment  for  timber  cribs  shall  include  all 
work  of  unloading,  transporting,  and  storing  material,  construction,  and 
maintaining  cribs,  placing  as  specified  and  shown  on  the  drawings,  and  the 
furnishing  and  placing  of  all  materials.   Payment  will  be  made  at  the 
contract  unit  price  per  thousand  board  feet  for  "Timber  Cribs".  After  a 
crib  has  baen  set  and  stabilized  with  fill.   The  number  of  board  feet 
shall  include  all  crib  timber  in  place  except  sheathing  lumber.   The  bridge 
over  the  sluices  shall  also  be  included  in  this  pay  item.   Dimensions  of 
timber  serving  as  a  basis  for  computation  of  quantities  of  board  feet  will 
be  in  accordance  with  standard  grading  rules  of  the  applicable  lumber 
organization. 

(b)  Crib  Sheathing.  -  Payment  for  furnishing  and  placing  crib 
sheathing  will  be  made  at  the  contract  unit  price  per  square  foot  for 
"Crib  Sheathing".   This  item  shall  include  only  the  built  up  watertight 
sheathing  for  cribs,  as  specified  in  paragraph  2-06(c). 

(c)  Steel  Sheet  Piling.  -  Payment  for.  furnishing  and  placing 
steel  sheet  piling  will  be  made  at  the  contract  unit  price  per  square  foot 
for  "Steel  Sheet  Piling",  for  the  number  of  square  feet  of  wall  below  the 
specified  grade  line. 
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(d)  Crib  Fill*  -  Crib  fill  shall  be  measured  in  place  to  the 
Inside  dimensions  of  the  orlb  pookets.   Piyment  will  be  made  at  the  contra.ct 
unit  price  per  cubic  yard  for  "Crib  Pill". 

(e)  Earth  fill.  Rook  Fill,  and  Riprap.  -  These  items  shall  be 
measured  in  place  to  the  slope  and  grade  lines  as  specified  or  shown  on 
the  plans.   Ikyment  will  be  made  at  the  contract  unit  prices  per  cubic 
yard  for  "Earth  Pill;  Compacted  Class  I,  Cofferdam,  ""Earth  Compacted 
Class  II.  Cofferdam"  and  "Earth  Pill;  Class  III,  Fill;  /Cofferdam",  and 
"Riprap;  respectively. 

(f)  Corrugated  Iron  Pipe. ' -  Corrugated  iron  pipe  will  be 
measured  in  place  as  shown  on  the  .drawings.   Payment  will  be  made  at  the 
contract  unit  price  per  linear  foot  for  "Corrugated  Iron  Pipe;"  12  inch 
Diameter. 

(g)  Sand  and  Gravel  Baclcing.  -  Sand  and  Gravel  backing  will 
be  measured  to  the  slope  and  grade  lines  as  shown  on  the  drawings. 
Payment  will  be  made  at  the  contract  unit  price  per  cu.  yd.  for  "SaJid 
and  Gravel  Backing."   (See  also  paragraph  4-07(o)). 

(h)   Filter.  -  Filter  will  be  measured  to  the  slope  and  grade 
lines  as  shown  on  the  drawings.   Payment  will  be  made  at  the  contract 
unit  price  per  cu.  yds.  for  "Filter."   (See  paragraph  4-06(o)). 

(i)   Unwatering;  Cofferdams.  -  Payment  for  unwatering  cofferdams 
including  maintaining  all  parts  of  the  work  free  from  water  as  required 
will  be  made  at  the  contract  unit  price  per  acre  foot  for  "Unwatering 
Cofferdams." 

(j)  Cofferdam  Removal   -  Cofferdam  removal  shall  be  measured 
on  the  basis  of  material  actually  in  place  above  the  grade  specified  for 
removal  and  no  classification  of  material  will  be  made.   Payment  will 
be  made  at  the  contract  unit  price  per  cubic  yard  for  "Cofferdam  R«noval" 
and  shall  include  all  work  as  specified  including  disposal  and  olean-up. 
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SECTION  III 

EXCAVATION,  FOUNDATION  PREPARATION,  AllD   GROUrXNG 
3-01.   CLEARING  AND  GRUBBING.  - 

(a)  The  work  areas  as  shown  on  drawing  sheet  No.  2  shall  be 
cleared  according  to  the  following: 

(1)  The  borrow  aireas  and  the  excavation  area  for  the  con- 
struction of  the  power  house  and  wing  walls  shall  be  cleared  of  all  trees, 
brush,  fences,  buildings  and  any  other  objectionable  material  as  directed 
by  the  contracting  officer. 

(2)  In  areas  to  be  covered  by  spoil,  trees  shall  be  cut 
off  at  elevations  not  higher  than  4  feet  below  top  of  spoil  duji^). 

(3)  The  foundation  areas  of  embankments  for  Class  I  and 
Class  II  compacted  earth  fills,  filter  blankets  and  rock  protection  shall 
be  cleared  and  grubbed  of  all  trees,  stumps,  roots,  brush,  fences,  build- 
ings and  any  other  objectionable  materials.   In  foundation  areas  to  be 
stripped  as  shown  on  the  contract  drawings,  all  roots  1  1/2  inches  in 
diameter  or  greater  shall  be  grubbed  to  a  minimum  depth  of  4  feet  below  the 
ground*  Trees  in  the  foundation  areas  for  Class  III  fill  and  in  50  ft-  wide 
strips  outside  the  toe  of  all  embankment  slopes,  except  as  otherwise  requir- 
ed, shall  be  cut  off  at  elevations  not  higher  than  2  ft.  above  ground  sur- 
face. 

(4)  All  work  areas  upstream  of  the  power  house  and  on  pool 
side  of  dikes  below  elevation  250  shall  be  cleared  of  trees,  brush,  fences, 
buildings  and  any  other  objectionable  material.  All  trees  shall  be  cut  off 
2  feet  above  the  ground  surface  except  that  no  stumps  shall  remain  above 
elevation  230.  Where  trees  stand  on  ground  between  elevation  230  and  250, 
they  shall  be  cut  off  flush  with  the  ground. 

(b)  All  trees,  stumps,  roots,  brush,  fallen  timber,  buildings,  and 
other  debris  cleared  within  the  areas  indicated  above  shall  be  burned,  bur- 
ied in  spoil  areas,  or  otherwise  con5)letely  removed  from  the  site  to  the  sat- 
isfaction of  the  contracting  officer.  Disposal  in  the  river  of  trees,  stumps, 
roots,  and  other  harmful  material  will  not  be  permitted,  and  no  material 
shall  be  piled  in  the  stream  bed  or  on  the  river  terrace  where  it  may  be 
washed  away  by  highwater.  The  contractor  shall  be  responsible  for  any  dam- 
age done  by  fire,  and  shall  at  no  time  leave  a  fire  unattended  until  it  has 
been  fully  extinguished. 

(c)  No  separate  payment  will  be  made  for  clearing  and  grubbing, 
but  the  cost  of  doing  such  work  shall  be  included  in  the  contract  unit  prices 
for  other  items  of  work. 

3-02.   EXCAVATION  REQUIREMENTS.  - 

(a)  Biccavation  and  stripping  shall  be  carried  to  the  lines 
and  grades  shown  on  the  drawings  or  as. directed  by  the  contracting  officer. 
Excavation  and  foundation  preparation  for  the  various  sections  of  the  power 
house  and  dikes  shall  be  performed  in  accordance  with  paragraphs  3-06»  3~08, 
3-09  and  3-10  of  these  specifications,  or  as  otherwise  directed  by  the  con- 
tracting officer. 
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(b)  Borrow  Pits.  The  designated  borrow  areas  to  obtain  embankment 
materials  are  indicated  on  the  drawings  (see  paragraph  I-I6),  It  is  estimat- 
ed that  in  the  designated  borrow  areas  and  in  the  required  excavation  there 
is  sufficient  quantity  of  suitable  material  for  the  compacted  fill  sections 
of  the  embankments,  but  if,  in  the  opinion  of  the  contracting  officer,  addi- 
tional borrow  pits  are  required,  they  will  be  furnished  without  cost  to  the 
contractor. 

3-03.   CHARACTER  OF  MATERIALS  TO  BE  EXCAVATED.  -  The  location  samples 
and  logs  of  borings,  test  trenches,  and  test  pits  referred  to  in  paragraph 
1-I8(a)  made  by  the  United  States  to  determine  the  character  of  materials 
to  be  encountered  and  removed  or  to  be  used  in  the  earth  embankment  are  shown 
on  the  drawings  or  are  available  for  inspection  at  the  U.  S.  Engineer  Office, 
Bfessena,  New  York.  The  United  States  does  not  guarantee  that  other  materials 
will  not  be  encountered  nor  that  the  proportions  of  the  several  materials 
will  not  vary  from  those  indicated  by  the  explorations.  (See  paragraph  1-18 
(a).) 

3-04.  EXCAVATION  IN  BORROW  PITS  AND  STOCK  PILES. 

(a)'  Borrow  Pits.  -  The  contracting  officer  will  specify  the  loca- 
tion at  which  borrow  excavation  will  be  made  within  the  borrow  areas.  The 
specified  areas  shall  be  cleared  and  grubbed  as  slated  in  paragraph  3-01*  and 
stripped  to  a  depth  of  18  inches,  or  as  otherwise  directed  by  the  contracting 
officer.  The  suitable  top  soil  from  stripping  shall  be  stock  piled  for  fu- 
ture use  by  others.  All  other  materials  from  stripping  shall  be  finally  dis- 
posed of  in  the  excavated  portions  of  the  borrow  areas.  The  depths  of  cuts 
and  lifts  and  the  disposition  of  the  excavated  materials  may  require  the  con- 
tractor to  change  the  locations  and  depths  of  his  excavating  operations  when- 
over  such  change  is,  in  the  opinion  of  the  contracting  officer,  necessary  to 
obtain  the  proper  quality  of  material.  The  excavations  shall  be  worked  so 
that  the  materials  are  mixed  in  the  process  of  excavation.  Excavation  with- 
in the  borrow  pits  shall  be  in  a  manner  to  produce  drainage  of  the  material 
if  the  ground  water  table  is  above  the  elevation  of  the  excavation.  After 
the  excavation  is  conQ)leted,  excavated  surfaces  e^ove  elevation  23O  sh^l  be 
graded  to  a  smooth  and  pleasing  appearance,  and  as  directed  by  the  contract- 
ing officer.  (See  also  paragraph  I-I6). 

(b)  Stock  Piles.  -  Earth  fill  materials  from  stock  piles  shall  be 
obtained  in  a  manner  satisfactory  to  the  contracting  officer.  The  contractor 
will  be  required  to  excavate  in  the  areas  as  directed  and  change  the  locations 
and  depths  of  excavating  operations  wherever  such  a  change  is  directed  by  the 
contracting  officer.  The  final  surfaces  of  the  remaining  part  or  parts  of 
the  stock  piles  of  earth  fill  shall  be  graded  and  blended  into  the  surrounding 
topography  in  a  manner  satisfactory  to  the  contracting  officer. 

Rock  materials  from  stock  piles  shall  be  obtained  in  a  manner  sat- 
isfactory to  the  contracting  officer.  After  the  excavation  of  the  stock  pile 
of  rock  is  completed,  the  remainder  of  the  material  shall  be  gathered  and 
neatly  piled  as  directed  by  the  contracting  officer, 

3-05.   CLASSIFICATION  OF  EXCAVATION.  - 

(a)  Rock  Excavation  -  All  bedrock  required  to  be  excavaited  which, 
in  the  opinion  of  the  contracting  officer,  cannot  be  removed  without  contin- 
uous and  systematic  blasting,  and  all  boulders  and  loose  rock. two  cubic  yards 
in  volume  or  greater  will  be  classed  as  rock  excavation. 

(b)  Conmon  Excavation.  -  All  other  material  will  be  classified  as 
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common  excavation,  including  boulders  and  loose  rock  leas  than  two  cubic 
yards  in  volume.   (See  paragraph  3-07(b)  (2)) 

3-06.   REI^IOVAL  AND  DISP0.3AL  OF  SXCAVATION.  - 

(a)  Removal.  -  All  materials  shall  be  removed  to  the  lines  and 
grades  as  indicated  on  the  drawings,  or  as  otherwise  required  by  the  con- 
tracting officer,  to  provide  suitable  foundations  as  specified  below.   Over- 
burden adjacent  to  vertical  rock  cut  surfaces  shall  be  trimmed  back  on  a 

1  to  1  sloped  from  the  rock  surface,  unless  otherwise  shown  on  the  drawings. 
The  contractor  shall  provide  and  maintain  all  sheeting,  bracing,  and  other 
protection  that  is  necessary  to  protect  these  slopes  or  excavate  beyond  these 
lines  if  such  procedure  is  required  by  the  condition  of  the  material;  but 
such  additional  excavation  beyond  the  slopes  shown  shall  not  be  included  in 
the  quantities  for  payment, 

(1)  Excavation  for  Concrete  Structures,  and  Forebay  and  Tail- 
race  Channel.  Excavation  for  the  concrete  power  house  stmicture  and  wing 
walls,  shall  be  carried  to  a  satisfactory  firm  foundation  as  determined  by 
the  contracting  officer  after  completion  of  sub-surface  explorations.  The 
foundation  grades  shown  on  the  drawings  are  only  approximate  and  are  not 
guaranteed.  Should  actual  frim  rock  be  encountered  at  a  higher  or  lower 
elevation  than  the  approximate  foundation  grades  shown  on  the  drawings,  no 
change  will  be  made  therefore  in  the  contract  unit  prices.   Excavation  for 
forebay  and  tailrace  channels  shall  be  carried  to  the  lines  and  grades  shown 
on  the  drawings. 

(2)  Stripping  for  Dike  Embankments.  Bnbankment  areas  shall 
be  stripped  and  excavated  to  lines  and  grades,  and  slopes  as  shown  on  the 
contract  drawings  or  as  directed  by  the  contracting  officer.  The  contractor 
shall  de-water  all  excavation  areas  to  produce  a  dry  condition  suitable  for 
placing  embankment  as  determined  by  the  contracting  officer.  Explorations 
indicate  that  it  will  be  necessary  to  remove  silt  and  clay  deposits  in  cer- 
tain areas  for  dike  foundation.  Should  excavation  be  required  to  a  higher 
or  lower  elevation  than  that  indicated  in  the  drawings,  as  determined  by  the 
contracting  officer,  no  change  will  be  made  therefore  in  the  contract  unit 
prices* 

(b)  Disposal.  -  The  excavated  materials  shall  be  disposed  of  as 
follows  unless  otherwise  directed  by  the  contracting  officer.  All  material 
excavated  which  is  suitable,  as  determined  by  the  contracting  officer,  for 
the  earth  dikes  and  for  backfill  around  the  power  house  structure,  shall  be 
placed  directly  in  the  earth  section  of  the  dikes,  backfill  of  in  stoclc  pile 
areas  approved  by  the  contracting  officer.  Suitable  material  may  be  used  for 
raising  cofferdam  Ct  (See  paragraph  2-05(d)).  All  other  ciaterial  not  suitable 
or  in  excess  of  that  required  for  backfill  and  the  embankments  of  the  dikos 
shall  be  disposed  of  in  the  spoil  areas  shown  on  the  contract  drawings  in  a 
manner  and  to  an  elevation  satisfactory  to  the  contracting  officer. 

Rock  obtained  during  the  excavation  for  concr-^te  structures  which 
passes  the  specifications  for  stone  protection  (See  paragrc^h  4-08)  shall  be 
placed  directly  in  the  rock  fill  section  of  the  dikes  or  in  areecs  Tihere  pro- 
tection stone  is  required  (See  drawings)  or  in  stock  pilos.  Ail  rock  except 
shale  in  excess  of  that  reciuired  for  the  rip-rap  for  the  work  included  under 
this  contract  shall  be  stockpiled  in  areas  and  in  a  manner  approved  by  the 
contracting  officer.  Shale  shall  be  disposed  of  in  designated  spoil  areas. 

3-07.   MEASUREMENT  AND  PAYMENT  FOR  EXCAVATION, 
(a)  Measurement. 
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(1)  A.  survey  of  the  ground  surface  for  foundation  excavation  . 
win  be  made  prior  to  commencement  of  work  and  measurements  of  excavation 
will  be  based  on  this  survey  and  on  the  classifications  specified  in  para- 
graph 3-03*  Measurement  for  common  excavation  will  be  made  between  the 
ground  surface  and  the  slope  and  grade  lines  shown  on  the  drawings  (See  para- 
graph 3-06(a))  or  as  modified  by  the  contracting  officer,  or  to  the  natural 
rock  surfaces  encountered  in  such  excavation. 

(2)  A-  survey  of  all  borrow  areas  and  earth  stock  piles  will 
be  made  prior  to  the  removal  of  material.  Measurement  of  excavation  for  em- 
bankment materials  for  payment  will  be  based  on  this  survey,  and  a  final  sur- 
vey of  the  con^leted  excavation. 

(3)  Msasurement  for  rock  excavation  will  be  made  for  the  ac- 
tual quantity  excavated  within  the  slope,  structure,  and  grade  lines  shown 
on  the  drawings,  or  such  modifications  of  these  lines  as  directed  by  the  con- 
tracting officer.  No  payment  will  be  made  for  any* rock  excavation  carried  be- 
low or  beyond  these  lines  by  unnecessary  drilling  and  blasting  and  all  rock 
thus  removed,  shall  be  replaced  with  concrete  at  the  expense  of  the  contract- 
or. 

(4)  The  excavation  payment  slope  lines  shown  on  the  drawings 
do  not  represent  actual  slopes  necessary  and  are  not  guaranteed  by  the  Gov- 
ernment as  .safe  slopes  for  making  the  required  excavations.  The  contractor 
shall  take  such  precautions  as  may  be  necessary  to  protect  the  work.   (See 
paragraph  3-06(a)) 

(b)  Payment . 

(1)  Payment  for  all  required  excavation  shall  include  the  cost 
of  excavation,  transporting  and  disposal  as  required  under  par.  3-02  and  3-O6 
and  will  be  made  at  the  respective  contract  unit  prices  per  cubic  yard  for 
•Excavation;  Comiion*;  and  •Excavation;  Rock^.   (S^e  also  paragraph  15-Oi;) 

(2)  Payment  for  common  excavation  which,  in  the  opinion  of  the 
contracting  officer,  cannot  be  removed  by  a  2  1/2  cubic  yard  power  shovel 
without  continuous  and  ^stematic  blasting  will  be  made  at  twice  the  contract 
unit  price  per  cubic  yard  for  •Excavation;  Common". 

(3)  kfhere  stockpiling  of  excavated  material  except  rock  prior 
to  its  incorporation  in  fill  is  directed  by  the  contracting  officer,  separate 
payment  will  also  be  made  for  excavating  from  these  stock  piles  at  the  rate 

of  50  per  centum  of  the  contract  unit  price  for  "Excavation;  Common^;  provided, 
frowever,  that  no  payment  will  be  made  for  stockpiling  when  and  where  the  con- 
tractor is  offered  the  alternative  of  suspending  excavation  but  elects  to 
stockpile  in  lieu  of  suspension.  The  alternative  of  suspending  excavation 
will  be  offered  only  when  and  to  the  extent  that  in  the  opinion  of  the  con- 
tracting officer  progress  has  been  such  as  to  warrant  it.  Such  offer  shall 
not  constitute  a  basis  for  extension  of  time  limit  under  the  contract.  No 
separate  payment  will  be  made  for  excavation  from  rock  stock  piles. 

3-08.   FOUNDATION  PREPARATION  - 

(a)  Rock.  -  Foundation  excavation  for  the  power  house  and  wing  walls 
shall  be  carried  to  the  lines  and  grades  as  indicated  on  the  drawings,  and /or 
to  sound,  firm  ledge  rock,  free  from  open  horizontal  seams  or  disintegrated 
portions.   Blasting  against  surfaces  which  will  form  the  final  surface  will 
not  be  permitted,  (See  paragraph  3-10).  The  foundation  shall  be  prepared  by 
barring,  picking,  wedging,  or  similar  methods  which  will  leave  the  rock  of  the 
foundation  in  an  entirely  sound  and  unshattered  condition.  The  surface  6f 
the  rock  shall  be  left  clean  and  rough  to  provide  a  proper  bond  between  the 

rock  and  the  concrete.  All  water  shall  be  removed  from  the  final  foundation, 
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which  shall  be  moistened  as  required  by  the  contracting  officer  prior  tc 
initial  placement  of  grout.  The  contractor  will  be  required  to  drill  explora- 
tory core  holes  as  described  in  paragraph  3""11  i°  ^^e  foundation  to  determine 
the  suitability  of  the  bedrock.  Payment  for  rock  foundation  preparation  will 
be  included  in  payqient  for  rock  excavation. 

3-09.   LINE  DRILLING. 

(a)  The  vertical  faces  indicated  on  the  drawings  or  as  otherwise 
required  by  the  contracting  officer  shall  be  made  with  a  channeling  machine, 
by  drilling  and  broaching  or  by  close  line  drilling.  Ftock  excavation  adja- 
cent to  channeled  faces  shall  be  removed  in  shallow  lifts  and  short  sections, 
etnd  the  channeled  face  remaining  shall  be  of  undisturbed  rock. 

(b)  Jfeasurement  for  line  drilling  will  be  made  along  the  vertical 
surface  indicated  on  the  drawings  or  established  by  the  contracting  officer. 
Payment  for  channeling,  drilling  and  broaching  or  close  line  drilling  will 
be  made  at  the  contract  unit  price  per  square  foot  of  vertical  surface  for 
"Line  Drilling".  Payment  for  the  rock  removed  will  be  made  as  specified  in 
par.  3-07. 

3-10.  BLASTING  FOR  EXCAVATION.  -  Blasting  will  be  permitted  only  when 
proper  precautions  are  taken  for  the  protection  of  all  persons,  the  work  and 
property,  and  any  damage  done  to  the  work  or  property  by  blasting  shall  be 
repaired  by  the  contractor  at  his  own  expense.   Caps  or  other  exploders  or 
fuses  shall  in  no  case  be  stored  or  kept  in  the  same  place  in  which  dynamite 
or  other  explosives  are  stored.  All  operations  of  the  contractor  in  con- 
nection with  the  transportation,  storage  and  use  of  explosives  shall  be  sub- 
ject to  the  approval  of  the  contracting  officer,  and  the  contractor  shall 
be  liable  for  all  injuries  or  deaths  of  persons  or  damage  to  property  caused 
by  blasting  or  explosives.   All  necessary  precautions  shall  be  taken  to  pre- 
serve the  rock  outside  the  lines  of  exfiavation  in  sound  condition.  Blasting 
may  be  done  only  to  the  depth,  amount  and  extent  approved  by  the  contracting 
officer,  jlipproval  of  the  method  of  blasting  by  the  contracting  officer,  as 
specified  in  this  sub-paragraph,  will  not  relieve  the  contractor  of  his  re- 
sponsibility in  blasting  operations,  and  no  payment  will  be  made  for  any  rock 
required  to  be  excavated  outside  of  the  liipit  lines  indicated  on  the  drawings 
or  below  the  grade  .lines  established  in  the  field,  or  modifications  thereof 
directed  by  the  contracting  officer,  solely  due  to  injury  caused  by  the  over- 
shooting, improper  blasting  or  ceo-elessness  on  the  part  of  the  contractor, 
and  all  rock  thus  removed  shall  be  replaced  by  concrete  at  the  expense  of  the 
contractor,  including  the  payment  for  all  cement  used  in  such  concrete  and 
furnished  by  the  Dbited  States,  No  blasting  shall  be  done  within  one  hundred 
(100)  feet  of  concrete  which  has  been  in  place  less  than  seven  (7)  days, 

3-11,   DRILLING  EXPLORATORY  AND  GROUT  HOLES. 

(ai)  General.  -  J'or  the  purpose  of  canvassing  bids,  the  approximate 
extent  of  a  tentative  program  for  drilling  exploratory  and  grout  holes  is  out- 
lined herein.  The  Government  reserves  the  right,  however,  to  alter  the  loca- 
tion and  depth  of  the  exploratory  and  grout  holes,  and  no  change  will  be  al- 
lowed in  the  contract  unit  prices  because  of  such  alteration.  The  contractor 
shall,  at  the  applicable  contract  unit  prices,  drill  exploratory  and  grout 
holes  at  such  locations  and  at  such  inclinations  not  to  exceed  twenty  (20) 
degrees  from  the  vertical,  and  to  such  depths,  subject  to  the  limitations 
hereinafter  specified,  as  may  be  required  by  the  contracting  officer. 
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(b)  Method  of  Rock  Core  Drilling*  -  Core  drilling  through  rock 
shall  be  done  with  standard  core  drilling  equipment  using  diamond  or  alloy- 
bits  designed  to  furnish  complete  standard  cores  a  minimum  of  2  inches  in 
diameter  from  holes  3  inches  in  diameter.  The  contractor  shall  ran   his 
drills  at  such  speeds  as  will  insure  satisfactory  core  recoveries,  and  the 
contracting  officer  may.  require,  without  compensation,  the  redrilling  of  those 
holes  from  which  the  ceres  are  tmsatisfactory  if  the  contractor's  operations 
are  at  faxilt.  Except  where  drilling  of  a  hole  is  ordered  stopped  by  the  con- 
tracting officer,  holes  that  cannot  be  drilled  to  the  depth  directed,  due  to 
any  ca\ise,  shall  be  redrilled  without  additional  expense  to  the  government. 

(c)  Exploratory  Core  Holes.  -  The  rock  foundation  area  covered 

by  the  power  house  structure  and  areas  adjacent  thereto  "shall,  after  removing 
overburden,  be  further  explored  by  rock  core  drilling.  The  layout  of  holes 
shall  be  as  directed  by  the  contracting  officer.  These  holes  in  the  founda- 
tion rock  are  intended  to  determine  the  location  of  suitable  rock  for  the 
fo\indation  of  the  power  house  structure.  It  is  expected  that  at  least  one 
drill  hole  will  be  required  in  the  foundation  of  each  c6ncrete  monolith 
founded  on  rock,  as  shown  on  the  drawings.  However,  the  contracting  officer 
may  direct  that  additional  holes  be  drilled  under  each  monolith  or  at  other 
locations.  The  depth  of  these  holes  shall  be  as  directed  by  the  contracting 
officer.  Concreting  shall  not  be  conmenced  in  any  section  imtil  after  the 
contractor  has  received  written  approval  of  the  foundation  for  placing  con- 
crete for  each  monolith. 

(d)  Grout  Holes.  -  Holes  for  grouting  shall  be  drilled  as  described 

in  paragraph  (b)  above,  at  intervals  and  to  the  depths  hereinafter  specified 
(See  Paragraph  3-12(b))  under  the  power  house  structure  as  shown  on  the  draw- 
ings. These  holes  shall  be  drilled  from  the  grout  gallery  after  the  concrete 
has  been  placed.  Grout  holes  throu^  the  concrete  may  be  obtained  by  percus- 
sion drilling  or  by  placing  4  inch  diameter. steel  pipes  prior  to  concreting, 
as  directed  by  the  contracting  officer.  If  pipes  are  used,  they  shall  be 
carried  up  to  6  inches  above  grout  gallery  floor,  and  shall  be  threaded  and 
capped.  The  holes  shall  be  vertical^  or  inclined  not  to  exceed  20  degrees 
from  the  vertical,  as  directed  by  the  contracting  officer.  After  completion 
of  grouting,  the  pipe  extending  above  the  grout  tunnel  shall  be  burnt  off 
flush.  The  contractor  will  be  required  to  protect  the  concrete  surfaces 
during  all  drilling  and  grouting  operations  and  no  separate  payment  will  be 
made  for  such  protection.  When  the  drilling  of  each  hole  has  been  completed, 
the  hole  shall  be  protected  from  being  clogged  or  obstructed  xintil  it  is 
grouted.  Any  hole  that  becoxoes  clogged  or  obstructed  prior  to  grouting  shall 
be  opened  tip  to  the  satisfaction  of  the  contracting  officer,  and  no  separate 
payment  will  be  made  therefor. 

(e)  Core  Boxes.  -  The  contracting  officer  may  require  that  the  2- 
inch  cores  from  certain  holes  be  preserved  and  stored  in  core  boxes.  Core 
boxes  for  storing  the  cores  shall  be  furnished  at  the  site  by  the  contractor. 
All  cores  shall  be  in  the  custody  of  the  contractor  until  transported  from 
the  site  by  a  representative  of  the  contracting  officer,  and  while  in  his 
custody  shall  be  protected  from  the  weather.  All  boxes  shall  be  of  pine  or 
similar  soft  lumber  of  lightweight,  non-warpijjg  and  substantially  constructed  with 
sxiitable  partitions  with  the  top  of  the  box  hinged  and  with  suitable  hasp 
fasteners.  Partitions  in  the  boxes  shall  run  lengthwise,  be  secxorely  fas- 
tened and  shall  be  approximately  1/8  inch  farther  apart  than  the  diameter  of  the 
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rock  core  to  be  placed  in  the  box.   Si)acers  to  separate  the  rock  core  obtain- 
ed by  each  run  shall  be  soft  wooden  blocks  to  fit  between  the  core  box  parti- 
tions and  1-1/2  inches  in  length.  The  core  boxes  shall  be  of  uniform  size 
4  feet  in  length  and  approximately  12  inches  wide,  and  shall  meet  with  the 
approval  of  the  contracting  officer.  All  cores  shall  be  neatly  arranged  in 
the  sequence  in  which  they  are  removed  from  the  hole,  and  be  properly  iden- 
tified. 

(f)  Filling  Exploratory  Holes  with  Grout.  All  exploratory  core 
holes  shall  be  filled  with  grout  consisting  of  sand  and  cement  of  such  mix- 
tures as  determined  by  the  contracting  officer.  Sand  for  grouting  shall  be 
as  specified  in  par.  3--l-2(e).  The  holes  shall  be  filled  with  grout  by  means 
of  equipment  for  pressure  grouting  as  described  in  par.  3-12(d)«  In  filling 
the  exploratory  core  holes  no  leakage  tests  are  required  and  the  hole  being 
filled  shall  not  be  sealed. 

(g)  Measurement  and  Payment.  All  meaurements  for  payment  shall  be 
made  by  or  in  the  presence  of  an  authorized  representative  of  the  contract 
officer,. 

(1)  Measurement  for  payment  of  grout  holes  in  concrete  will 
be  from  the  concrete  surface  to  the  foundation  rock  surface.  Measurement 
for  payment  for  holes  in  rock  will  be  from  the  foundation  rock  surface  to 
bottom  of  hole.  Payment  for  drilliaig  grout  holes  in  concrete  will  be  made 
at  the  contract  unit  price  per  linear  foot  for  •Drilling  Grout  Holes  in  Con- 
crete*. Payment  for  furnishing  and  placing  4-inch  steel  pipe  for  grout  holes 
will  be  made  at  the  contract  unit  price  per  pound  for  •Grout  pipes  and  Con- 
nections*  (See  also  paragraph  5-l8(g)   Payment  for  drilling  grout  holes  in 
rock  will  be  made  at  the  applicable  contract  unit  price  per  linear  foot  for 
•Drilling  Grout  Holes  in  Rock*,  which  payment  shall  include  drilling,  core 
recovery,  pressure  testing,  protection  of  the  completed  hole  and  all  costs 
in-  connection  therewith. 

(2)  Measurement  for  payment  of  exploratory  holes  will  be  from 
the  foundation  rock  surface  to  bottom  of  hole.  Payment  for  drilling  explor- 
atory cored  holes  in  rock  will  be  made  at  the  arpplicable  contract  unit  price 
per  linear  foot  for  •Drilling  Bq)loratory  Holes"  which  payment  shall  include 
drilling,  core  recovery,  mixing  and  placing  the  grout  filling  and  all  costs 
in  connection  therewith* 

(3)  Core  boxes  that  are  required  to  store  cores  from  grout 
holes  and  exploratory  holes  will  be  paid  for  at  the  contract  unit  price  each 
for  "Core  Boxes^,  which  payment  shall  include  all  costs  for  transporting  and 
storage  in  connection  therewith. 

3-12.   PRKSUBE  GROUTING  FOUNDATION.  - 

(a)  Pressure  Testing.  —  Before  any  hole  is  grouted  it  shall  be 
pressure  tested  with  water  for  leakage  at  intervals  as  directed  by  the  con- 
tracting officer  throughout  the  full  depth  of  the  hole.  The  contractor  shall 
furnish  the  necessary  equipment  aad  make  the  tests.  The  ecjuipment  shall  pro- 
vide capacity  sufficient  to  test  the  grout  holes  at  pressures  up  to  I50  pounds 
per  square  inch.  A  suitable  gage  shall  be  installed  in  the  pressure  line  at 
the  hole  being  tested  so  that  pressures  in  the  hole  will  be  indicated  at  all 
times.  A  water  meter  reading  directly  to  a  0.1  cubic  foot  per  minute  shall 
be  installed  in  the  pressure  line  to  measure  the  leakage  from  the  hole.  Ibe 
pressure  shall  be  varied  with  the  depth  at  the  direction  of  the  contracting 
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officer.  From  the  test  results,  the  contractor  shall  furnish  information 
indicating  the  location  and  amount  of  each  leakage.  Payment  for  pressure 
testing  will  be  included  in  the  contract  unit  price  for  •Drilling  Foundation 
Grout  Holes  in  Bock". 

(b)  Procedure. 

(1)  The  first  grout  holes  shall  be  drilled  on  100  foot  centers 
for  the  grouting  curtain  cut  off  and  shall  extend  to  a  depth  of  about  25  feet 
below  the  gypsum  layer.  These  holes  will  be  approximately  12;0  to  170  feet 
deep  and  shall  be  pressure  tested  at  20  foot  intervals  or  closer  as  directed 
by  the  contracting  officer,  to  determine  the  depth  to  which  the  grout  holes 
on  10-foot  centers,  lying  between  the  primary  100-foot  spaced  holes,  will  be 
drilled.  ; 

(2)  Intermediate  grout  holes  shall  be  drilled  at  inteirvals 
of  10-feet  across  the  entire  concrete  structure  between  the  outside  ends  of 
the  wing  dams.  The  holes  shall  be  drilled  and  cores  recovered,  as  specified 
above,  to  a  depth  as  directed  by  the  contracting  officer.  These  holes  shall 
be  pressure  tested  as  specified  in  paragraph  3-12  (a)  above. 

(3)  All  the  holes  shall  be  thoroughly  washed  out  and  grouted 
according  to  the  procedure  specified  in  paragraph  3~12(e).  Should  seams  con- 
nect between  any  adjacent  grout  holes  these  holes  shall  be  interconnected  and 
simultaneously  washed  and  then  simultaneously  grouted.   If  more  than  three 
holes  join  any  one  seam,  seals  and  connections  will  be  required,  of  a  design 
•approved  by  the  contracting  officer,  to  simultaneously  grout  the  holes. 

(4)  After  the  grout  holes  on  10-foot  centers  have  been  sat- 
isfactorily grouted  and  not  sooner  than  1^8   hours  thereafter  in  the  same 
locality  test  holes  shall  be  drilled  midway  between  and  to  the  same  depth  as 
the  adjacent  holes.  These  test  holes  shall  be  drilled,  tested,  and  if  fdund 
to  leak  more  than  approved  by  the  contracting  officer,  they  shall  be  grouted 
by  the  same  method  as  the  adjacent  holes. 

(5)  This  method  of  drilling  and  grouting  shall  continue  until 
the  grouting  has  been  accepted  as  complete,  i.e.,  when  a  hole  is  drilled  and 
found  necessary  to  grout,  holes  shall  be  drilled  each  side  of  the  grouted 
hole  at  one-half  the  previous  interval,  and  th.e  same  testing,  washing,  and 
grouting  procedure  shall  be  followed  until  leakage  is  stopped  or  reduced  to  a 
limit  acceptable  to  the  contracting  officer. 

(c)  Grouting  Equipment 

(1)  The  eq^iipraent  to  be  used  for  mixing  and  injecting  the 
grout  shall  be  'subject  to  the  approval  of  the  contracting  officer.  The 
grouting  unit  shall  provides 

a.  A  grout  mixer  for  mixing  the  ingredients. 

_b.  A  suitable  water  meter  with  straight- reading  register, 
reading  to  the  nearest  0.1  cubic  foot  for  measuring  the  mixing  water. 

c.  A  water  tank  for  auxiliary  water  supply  to  be  used  for 
pressure  testing  and  for  flushing  pungjs,  lines,  and  holes. 

d^.  A  mechanically  agitated  sun^)  to  prevent  the  segrega- 
tion of ■ ingredients  after  mixing  and  to  maintain  a  supply  during  the  mixing 
period} 

e.   Two  duplex  displacement  grout  pumps  so  piped  and  assem- 
bled as  to  provide  interchangeable,  continuous,  and  effective  injection  of 
grout  at  any  desired  pressure,  not  to  exceed  250  pounds  per  square  inch. 

£.  Air  con5)ressors  of  suitable  capacity,  water  pumps,  and 
auxiliary  equipment. 

(2)  The  mixer  and  sun^js  shall  each  have  a  volume  of  not  less 
than  15  cubic  feet.  The  assembled  unit  shall  allow  the  injection  of  I50  cubic 
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feet  of  solids  per  hour  at  150  pounds  per  square  inch  pressure,  if  desired. 
The  grouting  equipment  shall  be  maintained  in  a  manner  satisfactory  to  the 
contracting  officer  and  30  as  to  insure  continuous  and  effective  performance 
during  any  grouting  operation.  Circulating  grout  lines  shall  be  not  less  than 
1-1/2  inches  in  diameter  and  are  to  be  controlled  by  suitable  valves  in  the 
header  and  piping  so  that  all  or  part  of  the  grout  can  be  injected  into  the 
hole,  or  all  or  peirt  returned  to  the  sunq).   A  suitable  pressure  gage  shall 
be  provided  at  the  hole  as  well  as  at  the  pump  for  indicating  the  pressure 
during  the  injection  of  grout.  The  pressure  gage  shall  be  installed  in  the 
header  near  the  hole  being  grouted.  By-passing  of  the  grout  back  to  the 
sump  tank  shall  be  near  the  hole  being  grouted  and  not  at  the  machine.  Grout 
stops  or  packers  are  to  be  provided  which  shall  consist  of  an  expanding  seal 
of  rubber  having  a  length  of  6  inches  and  a  diameter  of  3  inches  or  as  direct- 
ed by  the  contracting  officer.  Ti/Iiscellaneous  calking  tools  and  hammers  and 
labor  for  calking  shall  be  furnished  by  the  contractor  as  directed  by  the 
contracting  officer. 

(d)  Composition  of  Grout  and  Method  of  Placement.  - 

Grout  shall  consist  of  a  mixture  of  Portland  cement  and  water  with  or  without 
am  admixture  of  sand  or  rock  flour  in  proportions  as  directed  by  the  contract- 
ing officer,  but  not  to  exceed  3  parts  of  sand  or  rock  flour  to  1  part  of  ce- 
ment. The  type  of  mixture  of  grout  to  be  used  will  be  determined  by  the  nature 
of  the  seams  to  be  grouted  and  as  directed  by  the  contracting  officer.  Sand, 
if  used,  shall  be  of  such  fineness  that  100  percent  will  pass  a  No.  28  stan- 
dard sieve  and  25  percent  will  pass  a  No.  100  standard  sieve.  Rock  flour,  if 
used,  shall  be  dust  obtained  by  crushing  dolomite  rock  and  it  shall  be  at 
least  as  fine  as  specified  above  for  sand.  Cement  for  grouting  will  be  fur- 
nished by  the  Government  in  paper  bags  (See  paragraph  l-lO(d)).  Prior  to 
pressure  grouting,  all  grout  holes  shall  be  sounded  and,  if  necessary,  shall 
be  thoroughly  washed  and  cleaned  with  water  under  continuous  pressure  or  by 
compressed  air  and  water  in  a  manner  which  will  permit  free  overflow  of  waste 
water,  by  inserting  a  smaller  pipe  and  introducing  the  wash  water  at  the  bot- 
tom of  the  hole.  The  speed  of  operation  of  the  grout  pump  and  the  grouting 
pressure  shall  be  as  directed  by  the  contracting  officer.   In  general,  it  is 
expected  that  pressures  up  to  150  pounds  per  square  inch  will  be  required  for 
the  deeper  sections  of  the  holes,  while  lower  pressures  will  be  used  for  the 
upper  zones.  Grouting  shall  be  continued  until  the  hole  takes  the  grout  mix- 
ture at  a  rate  of  less  than  one  cubic  foot  in  10  minutes  under  the  required 
grouting  pressure,  and  the  grouting  of  any  hole  shall  be  discontinued  when 
directed  by  the  contracting  officer.  The  contracting  officer  may  require 
that  the  grouting  of  any  hole  may  be  temporarily  suspended  if  work  is  proceed- 
ing in  an  unsatisfactory  manner,  and  the  hole  protected  by  suitable  means  un- 
til grouting  is  resumed.  When  the  grouting  of  any  hole  has  been  coraaenced, 
it  shall  be  continued  until  conflation,  unless  otherwise  directed  by  the  con- 
tracting  officer.   In  the  event  of  an  unavoidable  delay  during  grout  injection, 
the  contractor  shall  supply  water  at  not  less  than  the  specified  grouting 
pressure  for  application  to  the  hole  as  directed  by  the  contracting  officer. 
After  grouting  operations  for  any  hole  have  been  completed  and  the  grout  set, 
or  if  the  rock  about  any  hole  is  in  such  sound  condition  that  pressure  grout- 
ing is  not  necessary,  the  hole  shall  be  completely  filled  with  grout.  When 
a  hole  during  the  grouting  procedure  shows  back  pressure  it  shall  be  capped 
or  otherwise  sealed. 

(e)  Pa^^ment.  -  Payment  for  grouting  will  be  made  at  the  contract  unit 
price  per  cubic  foot  for  "Pressure  Grouting."   The  volume  of  grout  will  be 
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considered  to  be  equal  to  the  volume  of  cement  plus  the  volume  of  sand  or 
rock  flour  used  measured  in  the  loose  dry  state.  This  payment  shall  include 
washing  and  jetting  of  grout  holes,  and  all  materials,  equipment,  and  labor 
necessary,  except  that  cement  will  be  furnished  by  the  United  States  and  fur- 
nishing of  sand  or  rock  flour  will  be  paid  for  separately.  No  payment  will 
be  made  for  grout  lost  due  to  improper  anchorage  of  grout  pipes  or  connections, 
nor  for  grout  rejected  by  the  contracting  officer  because  of  the  improper 
mixing.  Payment  for  furnishing  sand  or  rock  flour  used  in  grouting  will  be 
made  at  the  contract  unit  price  per  cubic  foot  for  "Sand  in  Grout*  or  "Rock 
Flour  in  Grout", 

3-13.   FOUM)ATION  DRAIIIS.  - 

(a)  Drain  Pipes*  -  Prior  to  the  placing  of  concrete,  8  inch  black 
steel  pipes  shall  be  set  in  the  foundation  at  approximately  /;0-foot  centers 
in  vertical  or  inclined  positions  not  to  exceed  20  degrees  inclination  from 
the  vertical,  as  shown  on  the  drawings  or  as  directed  by  the  contracting 
officer.  Pipes  shall  be  adequately  supported  during  the  concreting  operations 
to  preserve  the  required  alignment*  Flanges  and  covers  shall  be  furnished 
and  installed  in  accordance  with  details  to  be  shown  on  future  drawings, 

(j,N  Drain  Holes.  -  Drain  holes  6  inches  in  diameter  shall  be  core 
drilled  through  the  drain  pipes  after  foundation  grouting  has  been  completed, 
to  depths  of  about  25  ft*  below  the  gypsum  layer  or  as  directed  by  the  con- 
tracting officer,  but  not  to  exceed  175  feet  below  the  bottoms  of  the  pipes, 

(c)  Measurement  and  Payment.  -  Payment  for  furnishing  and  install- 
ing drain  pipes  included  flanges  and  covers  will  be  made  at  the  contract 
unit  price,  per  pound,  for  •pipe;  Black  Steel,  8  inch".  Payment  for  drill- 
ing drain  holes  will  be  made  at  the  contract  unit  price  per  linear  foot,  for 
•Drilling  6-inch  Drain  Holes •.  Payment  will  be  made  only  for  the  linear 
feet  drilled  below  the  bottoms  of  theti'ain  pipes. 

3-14.   DRILLING  6- INCH  CONCRETE  CORES. 

(b>)   General.  -  The  contractor  shall  drill  holes  in  the  concrete 
at  such  locations  and  to  such  depths  as  may  be  directed  by  the  contracting 
officer  in  order  to  obtain  concrete  cores  6  inches  in  diameter  in  lengths 
satisfactory  for  testing.  A  tolerance  of  lA-inch  will  be  permitted  in  the 
diameter  of  the  cores.  The  contractor  shall  mark  each  core  with  black  paint 
giving  location  and  elevation.  Upon  completion  of  drilling,  the  contractor 
shall  refill  the  hole  with  well  rodded  concrete  of  the  same  mix  and  water 
content  as  that  from  which  the  core  was  taken. 

(b)  Measurement  and  Payment,-  Payment  for  drilling  6-  inch  con- 
crete cores  and  for  refilling  holes  with  concrete  will  be  made  at  the  con- 
tract unit  price  per  linear  foot  for  "Drilling  6-inch  concrete  Cores",  for 
actual  core  lengths  drilled  and  recovered.  The  quantity  shown  in  the  bidding 
schedule  for  •Drilling  6-inch  Concrete  Cores*  is  given  only  for  the  purpose 
of  canvassing  bids  and  the  Government  does  not  guarantee  that  any  of  this 
work  will  be  required  or  that  the  quantity  will  be  limited  to  the  amount 
estimated. 
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Specifications:     Barnhart   laland  PoEorhouss 

SECTION  IV 

EMBAMCEITTS,  BACKFILL  .IJT)  I^OTSCTION  STOIIE 

4-01.   DEFINITION.  -  The  term  ""Embankments"  as  used  in  this  section 
includes  the  compacted  earth  fill  of  dikes;  the  compacted  earth  backfill 
around  the  power  house  sections  and  wing  wall  sections;  the  sand  and  gravel 
backing,  stone  protection,  and  filter  blankets  of  dikes,  and  all  other 
specified  or  directed  fill  and  slope  protection,  except  for  cofferdams 
(see  Section  II)  and  railroad  :,:nd  highway  fills  (See  Section  XV) 

4-02.   GEr-TERAL  PROVISIONS.  - 

(a)  Lines  and  Grades.  -  The  embankments  shall  be  constructed  to 
the  lines  and  grades  shoi^ra  on  the  drawings  or  otherwise  required  by  the 
contracting  officer.  The  contracting  officer  reserves  the  right  to  change 
the  foundation  widths,  change  the  slopes  and  dimensions  of  the  embankments, 
change  the  dimensions  and  slope.^  of  the  foundation  cut-off  trenches  and 
change  the  shape  and  thickness  of  the  dumped  stone  protection  and  make  such 
other  changes  as  future  studies  and  conditions  on  the  work  indicate  as 
necessary  for  the  construction  of  a  safe  and  permanent  structure  as  deter- 
m.ined  by  the  contracting  officer.  Changes  in  quantities  of  materials  re- 
sulting from  changes  in  sections  shall  be  no  cause  for  claims  of  increased 
contract  Unit  prices. 

(b)  Materials,  -  Materials  for  the  various  sections  of  the  em- 
bankments shall  conform  to  the  respective  reciuirem.ents  specified  in  the 
following  paragraphs  of  this  section.  No  brush,  roots,  sod,  and  perish- 
able or  objectionable  materials,  as  determined  by  the  contracting  officer, 
shall  be  rlaced  in  the  comp.cted  embankments.  Any  objectionable  material 
placed  in  the  compacted  embankments  shall  be  removed  by  the  contractor  as 
directed  by  the  contracting  officer,  withour  cost  to  the  Government.  The 
suitability  of  each  part  of  the  foundation  for  placing  embankment  materials 
thereon  and  of  all  materials  fdr  use  in  an  embankment  will  be  detennined 
by  the  contracting  officer.  No  materials  shall  be  placed  in  an  embankment 
where  either  the  materials  or  the  foundation  on  which  they  are  to  be  placed 
is  frozen. 

(c)  Conduct  of  the  Work.  -  The  contractor  shall  at  all  times 
maintain  the  embankments  in  conformity  with  paragraph  4-04  and  4-05  and  in 
a  manner  satisfactory  to  the  contracting  officer  until  the  final  complet- 
ion and  acceptance  of  all  work  under  the  contract.  The  contractor  may  be 
required  to  suspend  work  at  any  time  when,  in  the  opinion  of  the  contract- 
ing officer,  satisfactory  work  cannot  be  done  on  account  of  rain,  floods, 
cold  weatner,  or  other  unsatisfactory  conditions.  Any  approved  embankment 
material  which  is  lost  or  rendered  unsuitable  after  being  placed  in  an  em- 
bankment and  before  the  completion  and  final  acceptance  of  the  work,  due  to 
causes  that,  in  the  opinion  of  the  contracting  officer,  are  avoidable,  or 
under  the  control  of  the  contractor,  shall  be  replaced  by  the  contractor  in 
a  manner  satisfactory  to  the  contracting  officer  and  without  cost  to  the 
Government.   The  contracting  officer  may  require  the  contractor  to  remove 
without  cost  to  the  Government,  any  material  placed  by  the  contractor  outside 
of  specified  slope  lines. 

(d)  Order  of  Work.  -  The  contr -ctor  will  be  required  to  organize 
the  v/ork  so  th_.t  suit-ble  rock  and  earth  fill  matorials  obtained  from  the 
excavation  for  the  construction  of  the  power  house  structure  may  be  placed 
directly  in  the  em.bankment  sections,  or  on  cofferdam  "C"  (See  paragraph 
2-05(d)). 
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(e)  Approved  Materials,-  I,1aterials  obtained  from  rs-^uired  exca- 
vation for  the  construction  of  the  poiwer  house  which  are  arp^oved  for 
placement  in  embankments  or  cofferdam  "C"  may  be  wasted  or  placed  in  stock 
piles  at  the  option  of  the  controctor.   In  c:^.se  the  contractor  elects  to 
waste  or  stock  pile  these  materi;^ls  he  shtill  obtain  equtil  amounts  of  :p- 
proved  material  form  borrow  pits  in  case  of  waste,  or  re-excv.vate  from  stock 
piles  at  his  own  expense.   If  there  is  not  sufficient  approved  materials  from 
the  required  excavation  to  construct  the  foreb-.y  dikes,  cofferdam  "C  and 
back  fill  around  the  power  house,  the  contractor  shall  secure  the  additional 
material  from  approved  borrow  areas.  All  such  materia'ls  directed  to  be  ex- 
ctivated  from  approved  borrow  areas  will  be  paid  for  at  the  contract  unit 
prir;e  per  cu,  yds.  for  "Excavation  Borrow". 

4-03.  -  PREPARATION  OF  FOUMDATION  FOR  iil©  JIiaiEnT .  - 

(a)  General  -  The  foundations  for  the  enbunkments  shall  be  strip- 
ped and  excavated  as  specified  in  Section  III,  The  test  pits,  stump  holes 
and  other  excavated  areas,  depressions  and  cavities  within  the  limits  of  the 
embankment  shall  be  filled  with  compacted  earth  as  directed  by  the  contruct- 
ing  officer.   This  earth  fill  shall  be  placad  in  layers,  ^roistened  and  com- 
pacted in  accordance  witn  the  requirements  for  Class  I  fill,  see  p.-rajraph 

4-04*  As  the  fill  is  brought  up,  the  side  slope  of  the  cut  or  hole  shull  be 
scarified,  if,  in  the  opinion  of  the  contracting  officer,  it  is  required  in 
order  to  provide  a  bond  between  the  fill  and  the  original  ground  material. 
The  sides  of  all  holes  shall  be  broken  down  if  necessary  so  as  to  flatten  out 
the  slopes,  and  the  hole  then  filled  with  arproved  material  and  properly 
rolled  or  tamped  in  place.  Immediately  prior  to  placing  Class  I  and  II  mat- 
erials in  embankments,  the  entire  foundation,  except  areas  to  be  covered  by 
sand  and  gravel  filter,  shall  be  scarified  to  a  depth  of  k   inches.  A  4-inch 
layer  of  embankment  material  shall  be  spread  and  compacted  as  specified  for 
Class  I  fill  in  paragraph  4-04 (e).  The  foundation  upon  which  fill  is  placed 
shall  be  in  a  suitable  dry  condition,  as  determined  by  the  contracting 
officer, 

(b)  Measurement  and  Payment.  -  Payment  for  the  fills  in  the 
foundation  areas  indicated  above  will  be  made  in  accordance  with  paragraph 

4 -04(h).  No  payment  as  a  separate  item  will  be  made  for  other  work  necessary 
for  the'  preparation  of  the  foundation  including  unwatoring  the  foundation 
areas  of  the  embankments,  but  the  cost  of  these  itef^s  shall  be  included  in  the 
contract  unit  prices  for  the  other  items  of  work  connected  with  the  embank- 
ments. 

4-04.  CLASS  I  A^^D  CLASS  II  COITPACTED  Ei^Ri'IIFILI^.  - 

(a)  General,  -  The  earth  sections  of  the  embankments  shall  be  con- 
structed of  Class  I  and  Class  II  compacted  earth  fill  as  shown  on  the  draw- 
ings, Rfenner  of  compaction  shall  be  as  specified  in  paragraph  (e)  below, 

(b)  Material.  -  TAaterials  for  the  Class  I  and  Class  II  compacted 
earth  fills  shall  be  secured  from  the  required  excavation  for  the  power 
house  (see  paragraph  3-^3)  and  for  the  embankment  foundations.,  or  from  bor- 
row areas  (see  paragraph  3-04(a)).  The  materi-iils  in  general  will  be  a  well 
graded  clayey  or  silty  sand  and  gravel.  No  stones  which  would  be  retained 
on  6-inch  screen  will  be  permitted  in  the  Class  I  compacted  earth  fill.  No 
stones  which  v/ould  be  retained  on  an  3-inch  screen  will  be  per'^itted  in  the 
Class  II  compacted  eurth  fill.   Should  stones  of  such  size  be  found  in  the 
otherwise  approved  earth  fill  embankment  materials,  they  shall  be  removed  by 
the  contractor.  Suitable  stones  removed  may  be  used  for  riprap  or  rock  fill 
as  specified  in  paragraph  4-'^'^»  Each  load  of  mater i;il  to  be  placed  in 
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either  Clnss  I  or  Class  II  compacted  earth  fill  shall  be  the  equivalent,  :-.s 
ne.irly  as  practicable,  of  a  mixture  of  materials  obtained  from  an  approxim- 
ately uniform  strip  or  cutting  from  the  full  height  of  a  lift  in  excavation. 
The  combined  excavation  5nd  embankment  rJacing  operations  shall  be  such  th.t 
the  materials  when  compacted  in  the  fill  will  be  blended  sufficiently  to 
secure  the  greatest  homogeneity  and  desired  density. 

(c )  Place"ient.  -  The  distribution  and  gradation  of  racsteri.jls 
throughout  the  Cl^ss  I  and  Class  II  compacted  earth  fill  sections  of  the 
embanRments  shall  be  such  that  the  emb. nkm.ents  will  be  free  from  lenses,  poc- 
kets, streaks  or  layers  of  materials  differing  materially  in  texture  or  grad- 
ation from  the  surrounding  materials.  The  dumpirg  of  successive  loads  of 
earth  fill  materials  from  the  different  parts  of  the  borrow  areas,  stock  piles 
or  required  excavations  shall  oe  ;t  locations  in  the  embankment  as  directed 
by  the  contracting  officer,  and  for  this  purpose,  the  contracting  officer 
may  direct  the  points, in  the  embankments  where  individu;  1  loads  of  m.terial 
shall  be  deposited  to  the  end  that  the  more  pervious  material  shall  be  placed 
in  the  downstream  sections  of  the  dikes  and  the  outer  sections  of  the  back- 
fill. After  dumping,  the  materials  shall  be  spread  by  bulldozers  or  other 
approved  methods  in  approximately  3-inch  layers  over  the  prepared  foundation 
or  fills.  Materials  in  small  or  confined  areas  where  comp:;cting  by  rolling 
is  impracticable,  as  determined  by  the  contracting  officer,  shall  be  spread 
in  layers  4  inches  in  thickness  before  compacting.  All  layers  shall  extend 
at  an  approximately  uniform  elevation  over  tY:e   entire  width  of  the  embank- 
ment and  for  the  entire  length  of  the  section  under  construction  unless 
otherwise  directed  b.,  the  contracting  officer.  The  top  surfaces  of  the 
Class  I  and  Class  II  compacted  earth  fills  during  construction  shall  be  kept 
crowned  with  grades  not  less  than  2  nor  more  than  k   percent,  so  that  the 
surface  of  the  fill  will  drain  freely  toward  the  slopes.  The  surface  of  the 
fill  shall  be  maintained  at  all  times  in  such  a  manner  that  no  wi ter  poc- 
kets will  be  form.ed  under  any  weather  conditions.  If  work  is  stopped  on  any 
part  of  the  Class  I  compacted  earth  fill  for  a  period  of  time,  the  area  to 
remain  standing  shall  be  rolled  with  a  smooth-faced  roller  to  prevent  loss 
of  moisture  and  to  facilitate  drainage.   If,  in  the  opinion  of  the  contract- 
ing officer,  the  rolled  surface  of  any  layer  of  any  section  is  too  smooth 
to  bond  properly  with  the  succeeding  1  ;yer  or  adjacent  section,  it  shall  be 
roughened  or  loosened  by  sc;.rifying  to  the  satisfaction  of  the  contracting 
officer  before  the  succeeding  layer  is  pl:.ced  thereon.  Ruts  in  the  surface 
of  any  layer  shall  be  filled  in  a  manner  satisfactory  to  the  contracting 
officer. 

(d)  Moisture  Control. - 

(1)  The  materials  in  each  layer  of  the  Class  I  and  Class  II 
compacted  earth  fills  while  being  compacted  shall  contain  moisture  within  a 
few  percent  of  the  optimum,,  as  determined  by  the  contracting  officer,  for 
the  comp-ction  desired.  Prior  to  and  during  construction,  the  contracting 
officer  will  establish  the  limiting  ranges  of  moisture  contents  for  materials 
to  be  compacted  in  Class  I  fill  and  Class  II  fill.  The  moisture  content  shall 
be  uniform  throughout  the  layer.  If  the  application  of  water  is  necessary, 

it  may  be  done  either  at  the  excavation  area  or  at  the  embankment.  Wetting 
at  the  excavation  area  shall  be  surplemented.  as  required  by  sprinkling  in 
place  on  the  embankment,  if  in  the  opinion  of  the  contr:,.cting  officer  it  is 
necessary.  The  contractor  shall  maintain  adequate  facilities  to  provide  the 
amount  of  water  required. 

(2)  No  layer  of  material  shall  be  placed  if  the  moisture 
content  of  the  exposed  surface  on  which  it  is  to  be  placed  is  not  within  the 
range  established  by  the  contracting  officer.  The  contractor  shall  correct 
the  moisture  content  of  the  compacted  layer  if  the  moisture  content  is  not 
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within  ths  required  limits. 

(e)  Compaction.  -  Class  I  and  Class  II  fill  shall  be  rolled  and 
compacted  with  the  equipment  listed  in  para{p:'aph  (f)  belov?.  Each  layer  of 
Class  I  fill  shall  be  compacted  by  no  less  than  6  passes  of  trips  and  each 
layer  of  Class  II  fill  shall  be  compacted  by  notless  than  2  passes  or 
trips,  of  a  sheepsfoot  roller.  Each  pass  of  a  roller  shall  overlap  the 
adjacent  rolled  area  by  at  least  2  feet.  In  areas  where  rolling  operations 
are  impracticable  as  determined  by  the  contracting  officer,  compaction 
shall  be  obtained  with  power  tampers  of  a  type  approved  by  -the  contracting 
officer  to  give  compaction  equal  to  that  required  for  the  adjoining  com- 
pacted earth  fill.  If  the  moisture  content  is  greater  or  less  than  that 
required  for  compaction,  the  rolling  or  tamping  sha.ll  be  delayed  until  the 
proper  moisture  content  as  determined  by  the  contracting  officer  has  been 
reached. 

(f )  Equipr^int  for  Compaction  by  Rolling.  -  Equipment  consisting  of 
an  oscillating  double  section  sheepsfoot  tamper  roller,  pulled  by  a  crawler 
type  tractor  weighing  not  less  than  20,000  pounds  and  which  is  weighted,  or 
equipped  vjith  a  bulldozer,  or  both,  to  increase  its  total  v/eight  to  not  less 
than  29,000  pounds,  shall  be  used  for  compacting  the  fill.  The  use  of  more 
than  2  rollers  in  tandem  will  not  be  permitted.  One  passage  of  two  rollers 
in  tandem  will  be  considered  as  two  passes  of  a  sheepsfoot  roller.  The 
design  and  operation  of  the  compacting  equipment  shall  be  subject  to  the 
approval  of  the  contracting  officer.  The  speed  of  the  compacting  equip- 
ment shall  be  not  more  than  2^  miles  per  hour.  Each  drum  of  the  oscillating 
double  section  sheepsfoot  tamper  roller  shall  be  approximately  4  feet  in 
width  and  shall  have  temping  feet  uniformly  staggered  over  its  cylindrical 
surface  and  be  provided  with  cleaners.  Each  tamping  foot  shall  project  ap- 
proximately 7  inches  from  the  roller's  cylindrical  surface  and  at  no  time   * 
during  operation  shall  have  a  face  area  less  than  5  nor  more  than  7  square 
inches.  The  spacing  shall  be  such  as  to  provide  not  less  than  Ij  tamping 
feet  for  each  square  foot  of  cylindrical  surface.  The  sheepsfoot  roller 
shall  be  weighted  so  that  the  total  v^eight  of  the  roller  and  ballast  in 
pounds  divided  by  the  total  areas  of  the  maxiraom  number  of  tamping  feet'  in  one 
row  generally  parallel  to  the  axis  of  the  roller  shall  provide  for  a  range  of 
250  to  i;C'0  pounds  per  square  inch  by  varying  the  roller  ballast, 

(g)  Tests  for  Compaction,-  Samples  for  testing  of  all  materials 
in  the  embankments,  both  before  and  after  placement  and  compaction,  will  be 
taken  by  the  contracting  officer  at  frequent  intervals.  Corrections,  ad- 
justments, and  modifications  of  methods  may  be  required  as  the  result  of  these 
tests  for  materials,  moi.?ture  content,  or  additional  compaction  of  the  mat- 
erials, in  the  embankm.ent.   In  taking  samples  for  control  and  record  purposes, 
the  contractor  shall  supply  labor  required  to  assist  the  inspector  as 
directed  by  the  contracting  officer.  During  the  construction  of  the  embank- 
ments, it  maybe  necessary  for  the  contractor  as  directed  by  the  contracting 
officer  to  construct  test  embankments  v/hich  will  form  part  of  the  completed 
fill  to  determine  the  number  of  passes  or  moisture  content  necessary  to 
obtain  the  desired  compaction. 

(h)  Additional  Compaction.-  If  the  tests  specified  above  indicate 
that  the  desired  compaction  of  the  materials  in  the  Class  I  and  Class  II 
compacted  earth  fills  is  not  secured  by  the  compaction  specified  in  para- 
graph 4-04(e),  additional  compaction  may  be  required  by  the  contracting 
officer.  Additional  compaction  shall  consist  of  making  not  less  than  2  passes 
of  a  sheepsfoot  roller  specified  in  paragraph  4-04(f )  over  such  designated 
areas.  Each  pass  of  a  roller  shall  overlap  the  adjacent  rolled  area  by  at 
least  2  feet.  This  procedure  will  be  repeated  as  bfteri  ^s  is  necessary  to 
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obtain  the  dosired  compaction. 

(i)  MeasureTiOat  and  Pai^Tnent. 

(1)  Measurement  of  Class  I  and  Class  1  .  compacted  eurth 
fills  placed  in  the  embankments  will  be  made  between  the  lines  indicated  on 
the  drawings  and  the  required  stripping  or  excavation  lines.  Payment  for 
Class  I  and  Class  II  compacted  earth  fill  will  be  made  at  the  contract  unit 
price  per  cubic  yard  for  "Earth  Fill  Compacted  Class  I"  and  "Earth  Fill 
Compacted  Class  II",  (See  also  paragraph  15-04),  which  payment  shull  include 
all  incidental  work  specified  or  required  such  as  transporting  and  spread- 
ing, mixing,  scarifying,  harrowing,  moistening,  drying,  compacting,  rerreDving 
oversize  stones  and  objectionable  materials,  furnishing  laborers  for  samp- 
ling, and  constructing  test  embankmeiits. 

(2)  Payment  for  each  additional  two  passes  of  a  roller  as 
required  by  the  contracting  officer  will  be  nnde  at  the  contract  unit  price 
per  square  ( 100  sq.  ft.)  for  "Additional  Compaction." 

4-05.  CLASS  III  Fill 

(a)  General.  -  Material  for  Class  III  fill  shall  be  any  earth  or 
rock  material  secured  from  the  required  excavations  for  the  forebay,  tail- 
race  and  foundations.  The  material  need  not  m.eet  the  requirements  for  Class 
I  material.  Class  III  fill  may  be  placed  by  dumping  to  any  depth  convenient 
and  no  special  compaction  is  required.   If  any  soft  or  com.pressible  material 
is  included  in  the  fill,  it  shall  be  distributed  to  the  satisfaction  of  the 
contracting  officer  to  avoid  excessive  unequal  settlement. 

(b)  Measurement  and  Payment.  -  Measurement  for  Class  III  fill  will 
b^  made  between  the  final  surface  indicsted  on  the  drawings  or  as  modified 
by  the  contracting  officer,  and  the  original  surface.  Payment  for  Class  III 
fill  will  be  made  at  the  contract  unit  price  per  cubic  yard  for  "Earth  Fill; 
Class  III"  which  payment  shall  include  all  in-cidental  work  specified  or  re- 
quired such  as  transporting,  spreading  and  maintaining  the  surface  for  sat- 
isfactory operations. 

4-06.  FILTER  .  - 

(a)  General.  -  Filters  shall  be  constructed  in  12-inch  layers  at 
the  local  ions  and  to  the  lines  and  grades  shown  on  the  drav/ings,  or  at  such 
other  locations  as  may  be  required  by  the  contracting  officer.  Each  12- 
inch  layer  shall  be  com.pacted  in  the  same  manner  as  for  Class  II  fill,  (See 
■Paragraph  4-04(e)).  The  material  shall  conform  to  the  requirements  speci- 
fied in  the  following  paragraph  and,  if  practicable  during  construction, 
shall  be  kept  to  the  same  height  as  the  adjacent  fill  material.  Any  mat- 
erial encountered  in  the  required  excavation  that  meets  the  requirements 

of  paragraph  (b)  below  may  be  used  for  the  filter.  Additional  materials 
required  for  the  filter  not  obtainable  form  required  excavation  shall  be 
obtained  from  other  sources  by  the  contractor. 

(b)  Filter  Material.-  The  material  for  filters  shall  be  well 
graded  sand,  or  sand  and  gravel,  which  after  placement,  shall  contain  at 
le^st  40  percent  by  weight  T/hich  will  pass  a  ^-inch  mesh  screen  and  no  stones 
shall  be  larger  than  6  inches.  Of  the  material  passing  the  ^-inch  screen 

at  least  50  percent  by  weight  shall  pass  a  Nc.  10  mesh  screen,  and  not  more 
than  10  percent  shall  pass  a  No.  200  mesh  screen.  Samples  of  the  material 
the  contractor  proposes  to  use  shall  be  submitted  to  the  contracting  office.^ 
at  least  30  days  prior  to  the  date  that  the  contractor  plans  to  commence 
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placement  of  filter. 

(c )  Measurement  and  Payment  .  -  MeasureT.ent  of  filter  material 
will  be  nade  between  the  lines  indicated  on  the  drawings,  or  as   modified 
by  the  contracting  officer.  Payment  for  furnishing  and  placing  filter 
material,  regardless  of  source  (see  paragraph  I-I6)  will  be  made  at  the 
contract  unit  price  per  cubic  yard  for  "Filter."  (See  also  paragraph  2-08(H)). 

4-07.   SAND  AW   GPAYEL  BACKING.  - 

(a)  General.  -  Sand  and  gravel  backing  for  riprap  on  slopes 
shall  be  constructed  to  the  lines  and  grades  shown  on  the  drawings.  During 
construction  the  placing  shall  be  kept  at  substantially  the  same  level  as 
the  compacted  earth  fill.  Any  material  encountered  in  the  required  excava- 
tion that  meets  the  requirements  of  paragraph  (b)  below  may  be  used  for  sand 
and  gravel  backing.  Additional  materials  required  for  the  sand  and  gravel 
backing  not  obtainable  from  required  excavation  shall  be  obtained  from 
other  sources  by  the  contractor. 

(b)  Ehterial.  -  J.Iaterial  for  sand  and  gravel  backing  shall  consist 
of  bank  run  sand  and  gravel  of  which  the  material  ^fter  placement  shall 
contain  from  30  to  60  percent  by  weight  retained  on  a  ^-inch  mesh  screen,  and 
no  stones  shall  be  larger  than  6  inches.  Of  the  material  passing  the  ^-inch 
mesh  screen,  not  more  than  20  percent  shall  pass  a  No.  200  mesh  screen. 
Samples  of  proposed  material  shall  be  submitted  as  stated  in  paragraph  i4.-06(b)). 

(c )  Measurement  and  Payment.  -  Measurement  of  sand  and  gravel 
backing  material  will  be  made  between  the  lines  indicated  on  the  drawings, 
or  as  m.odified  by  the  contracting  officer.  I^yraent  for  furnishing  and 
installing  backing  material,  regardless  of  source,  {.See  paragraph  I-I6) 
will  be  made  at  the  contract  unit  price  per  cubic  yard  for  "Sand  and  Gravel 
Backing."   (See  also  paragraph  2-03(g)), 

4-08.  STO^nS  PROTECTION. 

(a)  Classification.  -  All  rock  for  the  stone  protection  for  the 
embankments  sh^ll  be  sound,  durable  rock,  other  than  shale,  and  as  approved 
by  the  contracting  officer,  obtained  from  the  required  excavation.  Riprap 
shall  be  composed  of  the  following  two  classes  of  material: 

(1)  Riprap  Class  A.  -  Class  A  riprap  shall  be  clean  and 
rough,  and  the  least  dimension  of  any  stone  shall  be  not  less  than  one-third 
its  greatest  dimension.  Eighty  percent  of  the  rock  must  weight  over  50O 
pounds  and  shall  graduate  with  fair  uniformity  to  a  minimum  weight  of  200 
pounds. 

(2)  Riprap  Class  B.  -  Class  B  riprap  shall  consist  of  clean 
stones  and  boulders  removed  from  the  compacted  earth  fill  material  and  rock 
obtained  from  the  required  excavations,  other  than  shale.  This  riprap  shall 
consist  of  rocks  weighing  in  general  not  over  250  pounds,  of  which  not  more 
than  10  percent  of  the  whole  shall  be  form.ed  of  pieces  weighing  less  than 

15  pounds  which  shall  be  well  distributed  throughout  the  m:iss. 

(3)  Rock  Fill*  -  Rock  fill  shall  consist  of  stones  and 
boulders  removed  from  the  compacted  earth  fill  material  and  rock  obtained 
from  the  required  excavation,  other  than  shale.  This  rock  fill  shall  consist 
of  rocks  weighing  in  general  not  over  1000  pounds,  of  which  not  more  than 

10  percent  of  the  whole  shall  be  formed  of  pieces  weighing  less  than  I5 
pounds  which  shall  be  well  distributed  throughout  the  mass. 

(b)  Placement.  -  Stone  protection  shall  be  dumped  in  the  sections 
to  the  lines  and  grades  shown  on  the  drawings  or  as  directed  by  the  contract- 
ing officer.  The  different  sizes  of  each  class  shall  be  well  distributed 
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within  the  section.  Care  shall  "be  taken  in  dumping  and  placing  not  to 
disturb  the  underlying  fill.  The  riiTap  forming  the  slope  of  the  dikes 
shell  be  pi  C'^d  in  approxini;--tely  horizontal  layers  not  exceeding  3  feet 
in  thickness  as  the  comractad  earth  fill  progresses,  and  shall  be  kept 
substantially  the  same  level  as  the  compacted  earth  fill.  A.ny  change  in 
the  slopes  of  the  comp;.ctsd  earth  fill  including  slides  and  washouts 
shall  be  repaired  by  the  contractor  as  directed  by  the  contracting  officer 
at  no  cost  to  the  Government.  At  the  end  of  a  working  season  for  placing 
comp.  cted  esrth  fjll,  and  dunped  riprap  sections  shall  be  complete.   In 
the  areas  where  Class  B  dumped  riprap  will  form  the  final  surface,  such 
hand  placing  of  the  finished  rock  surface  will  be  required  as  will  insure 
a  reasonably 'Smooth  and  continuous  surface  to  the  slope  lines  showns  on 
the  draT/ings  or  as  modified  by  the  contracting  officer  with  a  tolerance  not 
exceeding-f  9  inches. 

(c )  !!easurement  and  Payment..-  Measurement  for  stone  protection 
in  the  dum:;ed  section  will  be  made  in  the  embankm.ents  only  between  slope 
lines  and  gr^d^  lines  shown  on  the  drawings  or  as  modified  by  the  contract- 
ing officer  for  the  three  classes  of  stone  protection.  F&yment  will  be 
made  at  the  contract  unit  prices  per  cubic  yard  for  "Riprap,  Dumped;  Class 
A",  "Riprap,  Dumped;  Class  B"  ,  and  "Rock  Fill"  which  v/ill  include  payment 
for  the  selection  of  the  materials,  placing,  and  all  other  work  required  for 
the  com.pletion  of  the  riprap  and  rockfill  sections  in  accordance  with  three 
specifications. 

4-09.   SEEDING.  - 

(a )  Preparation  of  Seed  Bed.  - 

(1)  The  ar-^as  indicted  on  the  drawings  or  required  by  the 
contracting  officer  shall  be  seeded.  Prior  to  fertilizing  and  seeding,  the 
areas  sh:,ll  be  harrowed  or  r.-.ked  until  the  soil  has  become  loosened  and 
pulverized.  All  sticks,  litter,  roots,  weeds,  stones  larger  than  1  inch  in 
diameter  and  other  objectionable  m-iterials  shall  be  removed  to  a  depth  of 

2  inches.  The  surface  of  all  seed  areas  shall  be  trimmed  and  raked  to  con- 
form to  finished  grades,  after  which  the  soil  shall  be  ferilized  as  specif- 
ied below.   Immediately  before  sowing  the  seed,  the  surface  of  the  seed  bed 
shall  be  sprinkled,  if  necessary,  and  raked  to  a  depth  Of  3/4  of  an  inch. 
The  raking  shall  be  done  in  a  direction  parallel  to  the  contour  lines  of  the 
slopes  (not  uphill  or  downhill). 

(2)  Method  of  Fertilizing.  -  Prior  to  seeding,  fertilizers 
shall  be  uniformly  spread  in  a  manner  satisfactory  to  the  contracting  off- 
icer. The  seed  beds  shall  be  fertilized  with  l.OCO  pounds  of  2C%  super- 
phosphate, and  200  pounds  of  sulfate  of  ammonia  to  the  acre.   In  place  of 
the  superphosphate,  33O  pounds  of  T.V.A.  metaphosphate  to  the  acre  may  be 
used. 

(b)  Seeding.  -  The  -uantity  and  types  of  seeds  specified  below 
shall  be  sown  on  prepared  seed  beds  in  a  manner  satisfactory  to  the  con- 
tracting officer.  The  mixtures  ohall  be  sown  at  'the  earliest  date  pos- 
sible between  T.lay  1  and  September  1.  The  seed  mixtures  shall  be  sown  by 

a  mechanical  hand  seeder  or  drill.   '.Vhenever  practical,  the  mixtures  shall 
be  sown  in  two  applications,  one-half  the  seed  while  the  sower  is  travel- 
ling in  one  direction,  and  the  other  half  sown  while  travelling  at  right 
angles  to  the  first.  The  oats  or  rye  shall  be  sown  separately  and  prior 
to  the  remainder  of  the  seed  mixture.  If  oats  or  rye  ia  sown  on  the  sur- 
face, the  seeds  shall  be  covered  by  raking  to  a  depth  from  1  to  1*-  inches 
unless  the  oats  or  rye  are  sown  with  a  drill.  After  all  the  seed  is  sown, 
the  seed  bed  shall  be  lightly  raked  with  iron  rakes,  and  then  rolled  with 
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a  lawn  roller  in  a  manner  sa:tisfactory  to  the  contractins  officer. 

(1)  Seed  Mixture,  -  The  seed  mixtures  shall  consist  of  the 
seeds  specified  in  the  table  below.  V/hen  directed  by  the  contracting  officer, 
the  seed  mixtures  may  be  varied  to  suit  special  conditions  of  soil  peculiar 
to  the  areas  to  be  seeded.  The  seed  furnished  shall  be  of  the  previous 
year's  crop  and' in  no  case  shall  the  weed  content  exceed  I't  hy   weight. 

Seed  Mixture  for  Seed  Bed  not  Containing  topsoil 

Anount  lbs. 
Kind  of  Seed  %   Purity    «g Gemination  ner  acre 

Sweet  Clover 
Alfalfa       , 
Black  Medic 
Orchard  Grass 
Timothy 
Redtop 
Ladino  Clover 

19 

Oats  (Seeding  prior  to  July  15 )»  99  90  3^ 

Rye  (Seeding  after  July  15)      99  90  35 

(2)  Inoculation.  -  The  alfalfa,  black  medic,  S7/eet  clover,  and 
ladino  clover  seeds  shall  be  inoculated  with  pure  cultures  of  nitrogen  fix- 
ing bacteria.   Inoculants  shall  consist  of  pure  bred  soil  or  sand  cultures, 
not  more  than  one  year  old,  and  shall  meet  the  approval  of  the  New  York 
Statd  Department  of  Agriculture  and  Tvlarkets.  The  inoculants  shall  be  mixed 
with  the  seed  according  to  the  vendor's  instructions.  After  the  mixture 
is  dried,  it  shall  be  mixed  T/ith  the  grass  seeds.  All  mixing,  drying  and 
storing  shall  be  done  in  the  shade.  The  seed  mixture  shall  be  applied  to 
the  seed  bed  within  72  hours  after  the  legume  seeds  are  inoculated. 

(c)^  Maintenance  and  Reseeding.  -  The  contractor  shall  maintain 
the  areas  sown  with  the  above  seed  mixture  until  all  work  on  the  contract 
hos  been^sporrpleted  and  accepted  by  the  contracting  officer.  The  m^ainte- 
nance  shall  consist  of  refilling  rain  washed  gullies,  reseeding,  mowing, 
watering  during  periods  of  drought,  and  other  similar  operations  when  re- 
quired by  the  contracting  officer.  The  contractor  may,  if  he  desires, 
protect  slopes  against  erosion  until  seeding  becomes  established  by  spread- 
ing on  the  surface  aboui:  four  tons  of  straw  to  the  acre. 

(d)  Measurement  and  Payment.  -  Measurem.ent  for  seeding  will  be 
made  by  the  acre  for  the  area  within  the  line  shov/n  on  the  drawings  or  as 
modified  by  the  contracting  officer.  The  contract  unit  price  shall  include 
payment  for  all  work  in  connection  with  furnishing  and  sov/ing  all  necessary 
seed,  raking  and  rolling  the  seeded  areas,  preparing  the  seed  beds,  furnish- 
ing and  placing  all  necessary  fertilizer,  and  maintaining  all  seeded  areas. 
Payment  for  seeding  all  seed  beds  will  be  made  at  the  contract  unit  price 
per  acre  for  "Seeding, " 

4-10.   PROTECTION  OF  GAGES,  PIEZOMETERS,  AJ©  PRESSURE  CELLS. 
In  order  to  enable  observations  to  be  made  during  and  after  construction  of 
the  work  required  under  the  contract,  the  Government  will  install  with  its 
own  forces  a  number  of  devices  in  and  on  the  dike  fills  to  consist  of  gages, 
piezometers,  and  pressure  cells.  The  contractor  shall  conduct  his  operations 
in  such  a  manner  that  these  devices  and  appurtenances  will  not  be  damaged  • 
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Fill  around  pipes  and  l.::rs   installed  in  and  on  the  dike  fills  shall   be 
placed  c-nd  compacted   by  the  contractor  to   the  density  of  the  surrcundins 
compacted  fill   in  the  manner  specified   in  paragraph  4-04  herein.     Separate 
payment  will  not   be  made  for  such  protection  and  special  measures  required 
in  connection  v/ith  frames,   piezom.eters ,  and  pressure  cells  and  their  app- 
urtenances  installed  by  the  Contracting  Officer, 
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Specifications:  Barnhart  Island  Power  House 

SECTION  V 
CONCRETE 

5-01,  COMPOSITION.  «  Concrete  shall  be  composed  of  cement, 
fine  aggregate,  coarse  aggregate  and  water  so  proportioned  and  mixed  ■ 
as  to  produce  a  plastic,  workable  mixture  in  accordance  with  all  re- 
quirements under  this  section  and  suitable  to  the  specific  conditions 
of  placement. 

3-02.  CIASSIFICATION. 

(a)  Designation.  -  Except  '.^here  required  to  meet  special 
conditions,  all  concrete  shall  be  Class  "A",  Class  "B",  or  Class  "C" 
in  accordance  with  the  conditions  of  application  and  the  proportions 
of  materials  and  strengths  required. 

(b)  Class  "A*  concrete  shall  be  used  for  all  -j^alls  and 
slabs  not  thicker  than  three  feet;  pilasters,  columns  and  beams  in 
conjunction  therev/ith;  for  the  slabs  spanning  ice  sluices,  and  as 
otherwise  indicated  on  the  drawings  or  directed  by  the  contracting 
officer. 

(c)  Class  "B"  concrete  shall  be  used  in  the  heavy  sections 
of  the  power  house  walls,  above  elevation  179»-2ind  elsewhere  as  dir- 
ected by  the  contracting  officer.   In  general  Class  "B"  concrete  will 
be  used  in  all  reinforced  portions  of  the  structure  not  specifically 
designated  as  Class  "A"  or  Class  "C"  concrete. 

(d)  Class  "C  concrete  shall  be  used  for  the  mass  sections 
of  the  structure  as  indicated  on  the  drawings  or  directed  by  the  con- 
tracting officer. 

3-03.  STRENGTH.  .  Test  specimens  of  concrete  will  be  6"  x  12"  or 
8»  x,l6"  cylinders.  Samples  of  concrete  will  be  wet  screened  to  re- 
move aggregate  greater  than  one-fourth  the  diameter  of  the  test  specimen, 
(See  paragraph  5-10),  The  mixes  will  be  designed  to  secure  concrete 
having  at  least  the  following  compressive  strengths  at  the  age  of  28 
days: 

Average  for  any  25         Minimum  for  any 
Class  Consecutive  cylinders       one  cylinder 

?600  lbs.  per  sq.  in. 
2200  lbs.  per  sq.  in. 
2200  lbs.  per  sq.  in, 

5-04.     HIGH.EARLY. STRENGTH  CONCRETE.    .  High-early-strength  conci-ete 
made  with  high-early-strength  Portlanc^   cement  or  other   special  cements, 
shall  be  used  only  when  specifically  authorized  by  the   contracting 
officer.     The   7-(5ay  compressive   strength  of  concrete   of  any  class, 
when  made  :\'_th  high-early-strength  cement,    shall  be  at  least   equal  to 
the   specified  minimum  28-day  compressive   strength  for   the    same   class 
made  with   standard  cement.      All  provisions  of  these   specifications, 
except  for   cement,   shall  be  applicable   to   such   concrete. 

5.05.     CmiEm  AND  AGGREGATES.   _  Cement,   and  fine  and   coarse  aggre- 
gates will  be  furnished   to    the   contractor  by  the  Government   in  accor- 
dance with   paragraph  1-10  of   these   specifications, 

3-06.     WATER.   _  rpiie  water  used  in  mixing  concrete  shall  be  clean 
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3400 

lbs. 

per 

sq. 
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3000 

lbs. 

per 
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in. 

C 

3000 

lbs. 

per 

sq. 

in. 

and  free  from  injurious  amounts  of  oil,  acid,  alkali  or  organic  matter. 
5_07.  STORAGE. 

(a)  Cement. 

(1)  Immediately  upon  receipt,  at  the  site  of  the  work, 
cement  shall  be  stored  in  a  thoroughly  dry,  weathertight,  and  properly 
ventilated  building  or  bin  with  adequate  provisions  for  the  prevention 
of  the  absorption  of  moisture.   Storage  shall  be  such  as  to  permit  easy 
access  for  inspection  and  definite  indentif ication  of  each  shipment. 

(b)  Aggregates.  -  Each  size  of  aggregate  (see  paragraph  5-08(f). 
shall  be  stored  separately  in  a  free  draining  stock  pile  or  bin  and  in 
such  manner  as  to  avoid  the  inclusion  of  any  foreign  material.  Stock 
piles  of  coarse  aggregates  shall  be  built  in  horizontal  layers  to 

avoid  segregation. 

5-08.   PROPORTIONING. 

(a)  Basis.  -  All  concrete  materials  will  be  proportioned  so 
as  to  produce  a  vvorkable  mixture  in  which  the  water  content  will  not 
exceed  the  maximum  specified. 

(b)  Control.  -  The  exact  proportions  of  all  materials 
entering  into  the  concrete  shall  be  as  directed  by  the  contracting 
officer.  The  contractor  shall  provide  all  equipment  necessary  to 
determine,  record,  and  control  positively  the  actual  amounts  of  the 
various  materials,  including  water,  cement,  fine  aggregate,  and  each 
individual  size  of  coarse  aggregate,  entering  into  the  concrete.  The 
proportions  will  be  changed  whenever,  in  the  opinion  of  the  contracting 
officer,  such  change  becomes  necessary  to  obtain  uniformity  and  worka- 
bility or  t'e  specified  strength,  and  the  contractor  will  not  be  com- 
pensated because  of  such  changes. 

(c)  Tifeasurement.  -  All  materials  shall  be  measured  by  weight. 
One  bag  of  cement  will  be  considered  94  pounds  in  weight  and  1  gallon 
of  water  as  8.33  pounds. 

(d)  Cement  Content.  -  The  cement  content  for  each  cubic 
yard  of  concrete  shall  generally  fall  within  the  following  ranges: 

Class  "A"  5»0  to  6.0  bags 

Class  "B"  4*0  to  5»0  bags 

Class  "C  3,3   to  4«5  ^3g3 
For  concrete  deposited  in  water,  the  minimum  cement  content  shall  be 
6.5  bags  or  6II  pounds  to  each  cubic  yard  of  concrete  placed.  The 
cement  content  shall  be  at  all  times  subject  to  variation  as  deemed 
necessary  by  the  contracting  officer  to  attain  the  desired  results. 

(e)  "^ater  Content  and  Consistency  of  Concrete.  - 

(1)   In  calculating  the  total  water  content  in  any 
mix,  the  amount  of  moisture  carried  on  the  surfaces  of  the  aggre- 
gate particles  shall  in  included.   The  total  water  content  per  bag 
of  cement  for  each  batch  of  concrete  shall  not  exceed  the  following: 

Class  "A"  5.5  gallons  or  45»8  pounds 

Class  "B"  6.5  gallons  or  5^ • 1  pounds 

Class  "C  8.0  gallons  or  66.7  pounds 
In  all  cases,  however,  the  amount  of  water  to  be  used  shall  be  the 
minimum  amount  necessary  to  produce  a  plastic  mixture  of  the  strength 
specified  and  to  the  desired  density,  uniformity  and  workability.   In 
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general 4  the  consistency  of  any  mix  shall  be  that  required  for  the 
specific  placing  conditions  and  methods  of  placement,  and  ordinarily 
the  slump  shall  be  between  ^  inch  and  2  inches  for  Class  "P"  and 
Class  "C  concrete,  and  between  Ij  inches  and  3  inches  for  Class  "A" 
concrete  when  tested  in  accordance  with  the  current  specifications  for 
"Method  of  Test  for  Consistency  of  Portland  Cement  Concrete,"  of  the 
American  Society  for  Testing  Materials. 

(f)  Aggregate  Content*  -  The  total  volume  of  aggregates  to 
be  used  in  each  cubic  yard  of  concrete  shall  be  that  necessary  to  pro- 
duce a  dense  mixture  of  the  required  workability  as  determined  by  the 
contracting  officer.  The  individual  mixes  will  be  based  upon  securing 
concrete  having  suitable  workability,  density,  impermeability,  and  the 
required  strength,  without  the  ase  of  an  excessive  amount  of  cement. 
(1)  Coarse  Aggregate, 

For  Class  "A"  concrete  the  maximum  size  aggregate 
shall  be  not  more  than  1^  inches,  and  may  be  limited  to  3/4  inch  for 
the  smaller  structural  members,  depending  on  the  conditions  of  placing* 

For  Class  "B"  concrete  the  maximum  size  aggregate 
shall  be  not  more  than  3  inches. 

For  Class  "C"  concrete  the  maximum  size  aggregate 
shall  be  not  more  than  6  Inches. 

Specified  sizes  shall  be  delivered  separately  to 
individual  proportioning  hoppers  in  accordance  with  the  following: 

a.  3/16"  to  3/4" 

b.  3/4"  to  1^» 
£.   li"  to  3" 
d.  3"  to  6" 

(2)  Fine  Aggregate.  -  The  fine  aggregate  will  consist 
of  natural  sand  or  crushed  stone  sand  and  in  either  case  will  be  furnished 
in  one  size  graded  so  that  at  least  ninety-five  percent  will  pass  a  No.  4 
square  mesh  sieve. 

3-09.  MIXING  AND  PLACING. 

(a)  Equipment.  -  The  contractor  shall  provide  at  the  site 
of  the  work  a  modern  and  dependable  batch-type  mixing  plant  with  a 
minimum  capacity  of  2000  cubic  yards  of  concrete  per  8  hours.  The 
plant  shall  include  not  fewer  than  3  complete  mixers  of  equal  capacity 
with  separate  power  plants.  The  equipment  shall  provide  adequate 
facilities  for  the  accurate  measurement,  record,  and  control  of  each  of 
the  materials  entering  the  concrete.  The  complete  plant  assembly  in- 
cluding provisions  to  facilitate  the  inspection  of  operations  at  all 
times  and  the  adequacy  and  dependability  of  each  of  its  parts,  shall 
be  subject  to  the  approval  of  the  contracting  officer,  and  shall  con- 
form to  the  following  requirements: 

It  shall  be  capable  of  ready  adjustment  for  compensating  for  the 
varying  moisture  content  of  the  aggregates  and  for  changing  the  pro- 
portionate batch  weights. 

It  shall  be  capable  of  controlling  the  delivery  of  each  material  to 
within  1  percent  by  weight  of  the  designated  amounts. 

It  shall  be  arranged  to  permit  the  convenient  removal  of  ma- 
terial in  excess  of  the  specified  tolerances,  and  acceptable  facili- 
ties shall  be  provided  for  readily  obtaining  representative  samples 
from  the  batches  for  test  purposes. 

Each  weighing  unit  shall  include  a  visible  springless  gage  which 
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will  register  the  scale  load  at  any  stage  of  the  .weighing  operation  from 
zero  to  full  capacity. 

Insofar  as  practicable,  each  dial  and  water-measuring  device  shall 
be  in  full  view  of  the  operator  and  the  weighing  equijjment  shall  be 
arranged  so  that  the  operator  may  conveniently  observe  the  operation 
of  the  bin  gates  and  also  the  materials  discharged  into  the  mixer 
hopper. 

The  accuracy  of  the  weighing  equipment  shall  conform  to  the  require- 
ments of  the  U.  S.  Bureau  of  Standards.  The  contractor  shall  provide 
standard  test  weights  and  any  other  auxiliary  equipment  required  for 
checking  the  operating  performance  of  each  sc^le  or  other  measuring 
device  and  shall  make  periodic  tests,  in  the  presence  of  a  Government 
inspector,  in  such  a  manner  and  at  such  intervals  as  may  be  directed  by 
the  contracting  officer;  provided,  that  unless  otherwise  directed  by  the 
contracting  officer,  such  check  tests  of  equipment  in  operation  shall  be 
made  at  least  once  every  two  weeks.  After  completion  of  such  check  tests 
the  contractor  shall  make  such  adjustments,  repairs,  or  replacements  as  the 
contracting  officer  may  consider  necessary  to  secure  satisfactory  per- 
formance. 

The  plant  shall  include  a  device  for  accurately  measuring  and  in- 
dicating the  quantity  of  water  entering  the  concrete  and  the  operating 
mechanisms  must  be  such  that  leakage  will  not  occur  when  the  valves  are 
closed.  The  filling  and  discharge  valves  for  the  water  tank  shall  be 
so  interlocked  that  the  discharge  valve  cannot  be  opened  before 
the  filling  valve  is  fully  closed. 

It  shall  include  a  device  for  accurately  and  automatically 
measuring  and  indicating  the  time  of  mixing,  which  shall  be  inter- 
locked to  prevent  the  discharge  of  concrete  from  the  mixer  before 
the  expiration  of  the  mixing  period. 

It  shall  include  a  device  for  recording  and  indicating  the 
number  of  batches  handled. 

Each  set  of  units  for  measuring  cement  and  mixing  water  de- 
livered to  one  or  more  mixers  shall  be  provided  with  an  accurate 
combined  autographic  recorder  for  making  a  continuous  visible  record 
on  a  single  chart  of  the  measurement  of  all  materials  introduced  into 
each  batch,  and  of  the  consistency  of  the  concrete  during  the  mixing 
process.   Itie  recorder  shall  be  housed  completely,  shall  be  capable 
of  being  locked,  and  shall  be  placed  in  a  position  convenient  for  use 
by  the  plant  operator.  The  recorder  paper  furnished  shall  be  ruled 
and  printed  so  that  each  graph  will  be  identified  permanently  and  so 
that  quantities  and  time  may  be  read  without  scaling  or  calculation. 
Suitable  means  shall  be  provided  to  insure  proper  alignment,  rate  of 
travel,  and  tautness  of  the  paper  without  wrinkling.  The  recording 
equipment  shall  include  facilities  for  automatically  registering  on 
the  chart  the  time  of  day  at  intervals  of  not  more  than  15  minutes 
and  shall  be  designed  for  simplicity  in  operation  and  maintenance. 

Each  mixer  shall  be  equipped  with  an  efficient  recording  consis- 
tency meter  or  provided  with  equally  suitable  equipment  or  means  satis- 
factory to  the  contracting  officer  for  indicating  concrete  consistency 
and  recording  it  on  the  combined  autographic  recorder  chart.  The  sensi- 
tivity and  range  of  the  consistency  meters  shall  be  such  that  the  effect 
of  a  change  in  slump  of  one  inch  shall  be  readily  discernible  to  the 
operator,  as  determined  by  the  contracting  officer.  The  contractor 
shall  furnish  satisfactory  evidence  that  the  consistency  meters  which 
he  proposes  to  use  are  adapted  to  the  type  of  drum  and  loading  of  the 
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mixers  with  which  they  are  to  be  used.   If  the  mixers  are  provided  with 
consistency  meters  operating  on  the  principle  of  measuring  electrical  in- 
put to  the  mixer  motors,  adequate  means  shell  be  provided  for  eliminating 
errors  due  to  operating  the  motor  from  a  variable-voltage  supply  source, 
with  resultant  changes  in  motor  input  which  are  not  caused  by  changes 
in  concrete  consistency.  If  the  contractor  proposes  to  use  means  for 
the  partial  elimination  and  compensation  of  these  errors,  such  means 
shall  be  subject  to  the  approval  of  the  contracting  officer  and  the 
residual  errors  shall  not  exceed  one  percent  of  the  values  being  measured. 
Errors  in  registi'ation  of  concrete  consistency  caused  by  variable  fric- 
tion in  the  mixer  equipment  shall  be  eliminated  or  minimized  by  provid- 
ing adequate  anti-friction  bearings  and  lubrication  or  by  other  moans 
satisfactory  to  the  contracting  officer.  All  graphic  charts  recorded 
in  accordance  with  this  paragraph  shall  become  the  property  of  the 
Government.  The  air  temperature  in  the  mixing  plant  shall  be  maintained 
above  50  degrees  F. 

(b)  Mixing  Tin^«  -  The  minimum  time  for  mixing  each  batch, 
after  all  materials  are  in  the  mixer,  shall  be  as  follows: 

1/2-cubic  yard  mixer,  or  small    1-1/4  minutes 
3/l\   to  li  cubic  yard  mixer       1-1/2  minutes 
li  to  3  cubic  yard  mixer         2     minutes 
larger  than  3  cubic  yard         2i    minutes 
The  mixer  shall  revolve  at  a  uniform  speed,  a  minimum  of  12  revolutions 
per  minute  after  all  materials  have  been  placed  in  it.  Neither  speed 
of  mixer  nor  volume  of  batch  shall  exceed  those  recom'nended  by  the  manu- 
facturer.  Excessive  overmixing,  requiring  adf^itions  of  water  to  preserve 
the  required  consistency,  will  not  be  permitted.  Should  any  mixer 
at  any  time  produce  unsatisfactory  results  its  use  shall  be  promptly 
discontinued  until  it  is  repaired  or  replaced. 

(c)  Conveying.  -  Concrete  shall  be  conveyed  from  mixer  to 
forms  as  rapidly  as  practicable,  by  methods  which  will  prevent  segre- 
gation or  loss  of  ingredients.   It  shall  be  deposited  as  nearly  as 
practicable  in  its  final  position.  Chutes  used  shall  be  such  that  the 
concrete  slides  in  them  and  does  not  flow.   Chutes  with  a  flatter  slope 
than  1  on  2  will  not  be  permitted.   There  shall  be  no  free  vertical 
drop  greater  than  5  feet  except  where  specifically  authorized  by  the 
contracting  officer. 

Methods  of  conveying  concrete  to  any  part  of  the  structure  by  which 
the  concrete  is  loaded  into  chutes,  belt  conveyors,  or  other  similar 
equipment  and  carried  in  a  thin,  continuously  exposed  flow,  to  the  forms, 
v/ill  not  be  permitted  except  for  very  limited  or  isolated  section  of 
the  work,  and  then  only  when  approved  in  writing  by  tbe  contracting 
officer. 

Concrete  may  be  transported  by  pumping,  provided  there  is  no  ob- 
jectionable segregation  between  the  mixing  plant  and  the  point  of  place- 
ment. When  this  method  is  adopted,  the  contractor  shall  submit  a  plan 
of  the  layout,  together  v/ith  an  outline  of  methods  for  receiving,  handling 
and  placing  the  concrete,  the  slump  and  the  maximum  si-^e  of  aggregate 
that  can  be  handled.  This  plan  of  operation  will  be  either  accepted  by 
the  contracting  officer  or  returned  to  the  contractor  for  revision  prior 
to  acceptance.   Concrete  shall  not  be  dropped  from  the  end  of  the  pipe 
into  place  but  shall  be  led  into  place  by  spouts,  troughs,  or  elephants 
trunks. 

Placing  of  concrete  in  the  mass  sections  of  the  structure  shall,  in 
general,  be  done  by  means  of  bottom-dump  buckets  of  sufficient  size  to*  ' 
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handle   the    ^ull   capacity  of  one  mixei,".     The  de-^i^i-L!  of  the  backets 
shall  be   subject   to   the  approval  of   the   contracting  officer,   snci   sh'^ii 
be  such  as   to  permit  close   regulation  of  the  amount  of  concrete   to  be 
deposited  in  each   dumping  position.      It  is  contemplated   that   the   full 
capacity  of  a   bucket  may  be   deposited   in  one  operation  ?rhere   this  has 
no  objectionable  effect  on   the  placement  of  concrete,   but  near  forms 
and  around  embedded  items  or  else-nhere  as  directed  by  the  contracting 
officer,    the   discharge   shall  be   controlled  so   that   the  concrete  may  be 
effectively  compacted  into    layers   not  exceeding  18  inches   in  thickness 
with  a  minimum  of   lateral  movement  and  accompanying  tendency  for  segre- 
gation and  the   formation  of  rock  pockets, 
(d)     Placing. 

(1)  Concrete   shall  be  placed  before   initial  set  has 
occured  and,    unless  otherwise  authorized  by  the   contracting  officer, 
before   it  has  contained   its  water  content  for  more   than  45  minutes. 

(2)  Concrete  when  deposited  in  the   forms  shall  have  a 
temperature   of  not  more   than  75  degree?  F.    and  not   less  than  40  de- 
grees F.      Powever,   when   the    temperatures  of  the  materials  are   such 
that   the   temperature   of   the   fresh  mixed   concrete   is  55  degrees  F.    or 
more,    the  mixing  water  shall  be   cooled   to  a    temperature  of  35  degrees 
F. ,   and  only  aggregates   taken  from  the   coolest  portions  of  the   stock- 
piles  shall  be  used.     Any  heating,    cooling,   refrigerating,   or  other 
operations  necesssry   in  order  to  produce  a   concrete  having  a   tempera- 
ture within  the  above   specified   temperatare    limits,    (40°  degrees  F. 

to  75  degrees  F.),    shall  be  done  by  the   contractor  and   the   cost   there- 
of shall  be   included   in  the  unit  prices  bid    in  the    schedule  for  the 
various  classes  of  concrete. 

(3)  Unless  otherwise   specified,   all  concrete  shall  be 
placed  in   the   dry  upon  clean,   unfrozen,    damn  surfaces,    free  from 
running  water,   and  never  upon  soft  mud,    dry  porous  earth,   or  upon 
fills   that  have  not  been  subjected   to  approved  rolling  or  tamping 
until  optimum  compaction  has  been  obtained.    ' 

(4)  Rock  surfaces  upon  which  concrete   is   to  be  placed 
shall  be  approximately  horizontal  or  stepped,   and   shall  be   clean, 
solid,   and  free   from  oil,   running  water,  mud,    objectionable  coatings, 
debris  and  loose,    semi-detached,   or  unsound   fragments  and   shall  be 
sufficiently  rough   to  assure   satisfactory  bond  "ith   the  concrete. 
Immediately  before   concrete   is  placed,   all  such  rock  surfaces  shall  be 
cleaned   thoroughly  by   the   use  of  high  velocity  air-water   jets,   wet 
sandblasting,    stiff  brooms,    picks,    or  other  effective  means   satisfac- 
tory  to   the   contracting  officer.     All  pools  of  water   shell  be  removed 
from  depressions   in  order  to   insure   proper  bonding  of   the   fresh  con- 
crete   to   the  rock  surfaces  and   no  inflow  of  water  into   the   foundation 
vill  be   permitted.     All  necessary  installations  of  riser  pipes, 
headers,    sand  drains,   and  other  installations  necessary  to  produce  a 
foundation  free  of  running  or  standing  •J'ater  shall  be   installed  by  the 
contractor  end   so  welded  or  otherwise   securely  fastened    in  place  as 

to  prevent   their  being   jarred   loose   by  concrete   placement.     No   separ- 
ate  payioBnt  will   >^c  mads  for   such   installations.     ^To  wooden  plugs  or 
other   organic  materials   shall  be   placed   permanently  in  any  foundation. 
All  absorptive   surfaces   shall  be   thoroughly  wetted   for  48  hours  and 
spread  with  a   le-er  of  mortar  about   1/2-inch   thick  immediately  before 
the   concrete   is  placed.     The  mortar   shall  be  of  the   same  cement-sand 
ratio  as  used  in  the   concrete. 
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(5)  T^e  layout  of  all  monoliths  shall  be  as  shown  on  the 
drawings  or  as  directed  or  approved  by  the  contracting  officer  before 
concreting  is  commenced. 

(6)  All  concrete  shell  be  deposited  in  approximately 
horizontal  layers,  unless  otherwise  specifically  authorized  or  dir- 
ected by  the  contracting  officer,  and  the  concreting  shall  be  carried 
on  as  a  continuous  operation,  as  far  as  practicable,  until  the  placing 
in  the  course,  section,  panel  or  monolith  is  completed.  During  one 
pour  concrete  must  be  covered  with  fresh  concrete  within  45  minutes 

to  one  hour,  depending  on  cement  used.   Lifts  of  mass  concrete  in  the 
dam  and  training  walls  shall  not  exceed  5  feet  in  thickness  except  as 
shown  on  the  drawings,  and  a  minimum  of  120  hours  shall  elapse  between 
the  finishing  of  one  such  lift  and  the  starting  of  the  next.  In  general 
a  minimum  of  24  hours  shall  elapse  for  each  foot  of  course  thickiiess  be- 
tween the  finishing  of  one  lift  and  the  starting  of  the  next.  The  first 
two  to  four  courses  starting  from  the  foundation  and  from  lifts  which 
have  been  in  place  longer  than  15  days  shall  be  limited  to  a  maximum 
height  of  2  to  3  feet,  as  determined  by  the  contracting  officer. 

-  Other  construction  lifts  shall  generally  have  a  minimum  thickness 
of  4  feet,  and  a  maximum  thickness  of  12  feet.  In  walls  of  buildings, 
courses  shall  terminate  at  the  tops  and  bottoms  of  the  door  and  window 
openings. 

(7)  In  dropping  concrete  through  reinforcement,  cere 
shall  be  taken  that  no  segregation  of  the  coarse  aggregate  occurs.  On 
flat  surfaces  where  the  congestion  of  steel  near  the  forms  makes  placing 
difficult,  a  mortar  of  the  same  cement- sand  ratio  as  is  used  in  the  con- 
crete shall  be  first  deposited  to  cover  the  forms. 

(8)  All  top  surfaces  not  covered  by  forms  and  which  are 
not  to  be  covered  by  additional  concrete  or  backfill  shall  be  carried 
slightly  above  grade  and  struck  off  by  a  board  screed  (see  paragraph  5'-ll(e) 
except  that  top  surfaces  of  walls  and  piers  not  covered  by  forms  and  which 
are  not  to  be  covered  by  additional  concrete  or  backfill  "'hen  poured  in 
excess  of  10  feet  in  height  in  one  pour,  shall  be  carried  not  less 

than  2  inches  above  the  specified  finished  elevation  and  struck  off 
by  a  board  screed. 

(e)  Vibrating.  -  Concrete  shall  be  placed  with  the  aid  of 
mechanical  vibrating  equipment  as  approved  by  the  contracting  officer. 

(1)  Internal  vibrators  shall  be  used  in  all  sections 
lO-inches  or  more  in  width  or  which  are  sufficiently  large  to  accom- 
date  them.  External  vibration  shall  be  used  when  directed  by  the  con- 
tracting officer  where  internal  vibration  can  not  be  used. 

(2)  Vibrators  shall  be  of  sturdy  construction,  adequately 
powered  and  capable  of  transmitting  to  the  concrete  not  less  than  5iOOO 
impulses  per  minute  when  operating  under  load  (immersed  in  concrete). 
The  frequency  of  vibration  shall  be  subject  to  proof  by  measuring  the 
impulses  radiated  by  the  vibrator,  when  operating  in  concrete  designed 
for  the  project,  by  use  of  a  Frahm  vibra ting-reed  tachometer,  or  equal. 
The  vibration  shall  be  sufficiently  intense  to  cause  the  concrete  to 
flow  or  settle  readily  into  place  and  show  a  visible  effect  over  a 
radius  of  at  least  18  inches  in  the  concrete, 

(3)  A  sufficient  number  of  vibrators  shall  be  employed 
so  that,  at  the  required  rate  of  placement,  vibration  throughout  the 
entire  volume  of  each  layer  of  concrete  and  complete  compaction  are 
secured.  At  least  one  extra  vibrator  shall  be  constantly  on  hand  at 
each  point  of  placement  (monolith)  for  emergency  use. 
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(k)     Form  vibrators,   where  used,    shall  be  attached   to  or 
held  on  the   forms   in  such  a  manner  as   to   transmit   the  vibration  to  the 
concrete  effectively  and  shall  be   raised  in  lifts  as  filling  of  the  forms 
proceeds,   each  lift  being  not  more   than  the  height  of  concrete  visibly 
affected  by   the  vibration.     They  shall  be  placed  horizontally  at  dis- 
tances not  greater    apart    than  the  radius  through  which  the  concrete  is 
visibly  affected. 

(5)  Internal  vibrators   shall  be  kept  constantly 
moving  in  the  concrete  and  shall  be  applied  at  points  uniformly 
spaced  not  farther  apart   than  the  radius  over  which  the  vibrator  is 
visibly  effective.      The  vibrator  shall  not  be  held  in  one   location 
long  enough  to  draw  a  pool  of  grout  from  the  surrounding  concrete. 
Internal  vibrators  shall  be  applied  close  enough  to  the   forms  to 
vibrate   the  surface  concrete  effectively,  but  care   shall  be   taken 
to  avoid  hitting  the   forms  sufficiently  to  damage   them. 

(6)  The   vibration  shall  be  such  that   the  concrete 
becomes  uniformly  plastic  and  there   shall  be  at  least   10  seconds  of 
vibration  per  square   foot  of  surface  of  each  layer  of  concrete,   com- 
puted on  the  basis  of  the  visibly  affected  radius,   and  taking  over- 
lapping into  consideration. 

(7)  Vibration  shall  be   supplemented  by  forking  and 
spading  by  hand  adjacent  to  the   forms  on  exposed  faces.     The  concrete 
shall  be  compacted  and  worked   in  an  approved  manner  into  all  corners 
and  angles  of  the   forms  and  around  reinforcement  and  embedded  fixtures. 

(f)     Construction  Joints.   -  Vertical  joints   shall  be  formed 
with   tongue-and-groove  keys  at  such  locations  and  of  such  shapes  and 
dimensions  as   shown  on  the  drawings  or  as  approved  or  directed  by  the 
contracting  officer.      The  horizontal  edges  of  each  completed  pour  not 
required   to  be   chamfered   that  are  exposed   to  weathering  shall  be   struck 
off  level  for  a  distance  of  about  6    inches  back  from  the  forms  to  pro- 
vide an  even  end  neat  appearance  between  construction  joints,     "^ere  re- 
quired,  dowel  rods   shall  be   used. 

All  concrete   in  vertical  members  shall  have  been  in  place  not  less 
than  12  hours,   and  longer  if  so  directed   by   the  contracting  officer*   be- 
fore  concrete   in  horizontal  members  resting   thereon  is  placed, 
launches  shall  be   considered  as  parts  of  horizontal  members  and 
shall  be  placed  therewith. 

After  the   top  sir  face   of  a  course  is  finally  compacted,    it 
shall  be    thoroughly  protected  from  pedestrian  traffic,   materials 
being  placed  thereon,   running  water,    or  any  activity  upon  the   sur- 
face  that  might  in  any  manner  affect  the   initial  setting  of  the 
concrete   for  a   period  of  k   to  20  hoars  as  determined  by  the  contrac- 
ting officer.     After  the   time  required  for   initial   set,    the   surface 
shall  be  washed  with  a   high  pressure  air   (air  pressure   capacity  not 
less  than  100  p.s.i.)   and  water  jet  to  remove  all   Ifiitance  and   to 
expose   clean  sound  aggregate. 

Immediately  before  placing  is  resumed  in  each   succeeding  course, 
all  horizontal  and  approximately  horizontal  construction  joint  sur- 
faces shall  be  washed  with  a  high  pressure  sir  and  water  jet  and 
scrubbed  with  steel  brushes  or  brooms.     Sand  shall  be  added   to  the 
air-water  jet  when  required  to  remove  algae,    stains  ?;nd  other  sub- 
stances  injurious   to  bonding'.     After  final  cleaning  and  im-nediately 
before   placing   is  resumed   the   surface   shall  be  wetted  and  spread  with 
a   layer  of  mortar   I  inch  thick.     The  mortar  shall  be  of  the   ??ame  ce- 
ment-sand ratio  as  the  concrete. 
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Where  fresh  concrete  is  to  be  placed  against  smooth  surfaces  of 
previously  placed  concrete,  the  surface  of  the  previously  placed  con- 
crete shall  be  roughened  by  picking,  or  other  means  approved  by  the 
contracting  officer,  in  order  to  secure  adequate  bond*  No  payment 
will  be  made  for  such  roughening  but  the  cost  shall  be  included  in  the 
contract  unit  price  for  the  class  of  concrete  affected. 

(g)  In  water.  -  When  specifically  authorized,  concrete  may 
be  deposited  in  water  having  a  temperature  above  ^S   degrees  F»  The 
methods  and  equipment  used  shall  be  subject  to  the  approval  of  the  con- 
tracting officer.  When  deposited  by  the  tremie  method,  the  tremie  shall 
be  water-tight  and  sufficiently  large  to  permit  a  free  flow  of  concrete. 
The  discharge  end  shall  be  kept  continuously  sutoerged  in  the  concrete 
and  the  shaft  kept  full  of  concrete  to  a  point  well  above  the  water  sur- 
face. When  the  bottom-dump  bucket  method  is  usedf  the  bucket  shall  not 
be  dumped  until  after  it  has  come  to  rest  on  the  surface  upon  which  the 
concrete  is  to  be  deposited.  The  bucket  shall  be  provided  with  a  suitable 
cover,  and  the  bottom  doors,  when  tripped,  shall  open  freely.  The  bucket 
shall  be  completely  filled  and  slowly  lowered  in  order  to  avoid  backwash, 
and  when  tripped,  it  shall  be  slowly  withdrawn  until  entirely  free  of  the 
concrete*  With  either  method,  concreting  shall  proceed  without  interruption 
until  the  top  of  the  concrete  is  well  above  the  water  surface. 

(h)  gold  Weather.  -  Concrete  shall  not  b©  placed  when  the  ambient 
atmospheric  temperature  is  below  35   degrees  F.  nor  when  the  concrete  is 
likely  to  be  subjected  to  freezing  temperatures  before  final  set  has.  occurred, 
unless  specifically  authorized  by  the  contracting  officer  in  writing.  When 
so  authorized,  the  materials  shall  be  heated  in  such  a  manner  that  they 
will  be  free  of  ice,  slush,' snow,  frozen  Ivmips,  etc.,  before  entering  the  mixer. 
The  tanperature  of  the  concrete  when  deposited  in  the  forms  shall  be  within 
the  limits  specified  in  paragraph  5-09Cd)(2)»  All  methods  and  equipment  for' 
heating  shall  be  subject  to  the  approval  of  the  contracting  officer. 

(i)  Hot  Weather.  -  For  concrete  placed  during  the  extremely  warm 
summer  months  and  otherwise,  when  directed  by  the  contracting  officer,  the 
contractor  shall  take  wliatever  measures  are  necessary  in  order  to  produce 
a  concrete  having  a  temperature  below  the  maximum  limit  specified  in 
paragraph  5~09('i)(2)«  The  methods  and  equipment  used  shall  be  subject  to 
the  approval  of  the  contracting  officer. 

5-10.  TEST  SPECIMENS. 

(a)  Number.  -  Test  specimens,  to  determine  whether  the  compressive 
strength  of  the  concrete  is  in  accordance  with  that  specified  in  paragraph 
5-03»  will  be  taken  by  the  Government  inspector.  At  least  1  set  of  3  specimens 
will  be  made  for  every  major  placanent  aind,  in  general,  for  every  500  cubic 
yards  of  concrete  place,  but  in  any  event,  a  sufficient  number  of  specimens 
will  be  taken  to  give  a  ccxaprehensive  knowledge  of  the  concrete  in  each  sec- 
tion of  the  work. 

(b)  Iviethod.  -  All  specimens  »ill  be  taken  from  the  concrete  in  ac- 
cordance with  the  current  specifications  of  the  American  Society  for  Testing 
I&terials.  The  specimens  will  be  tested  by  and  at  the  expense  of  the  United 
States,  either  in  its  laboratory  or  in  that  of  a  recognized  commercial  test- 
i)3g  agency. 

(c)  Six  Inch  Cores  for  Testing.  -  The  contracting  officer  may  re- 
quire that  concrete  cores  6  inches  in  diameter  be  cut  fran  the  concrete  in 
the  finished  structure,  for  the  purpose  of  testing,  as  specified  in  para- 
graph 3-14. 
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5-11. 


FliMxaUiNG 


(a)  General,  -  Immedifltely  after  placement,  the  concrete 
shall  be  properly  forked  back  along  the  faces  of  all  forms  by  the  use  of 
concrete  forks  or  spades  and  then  re-vibrated  unless  otherwise  specifically 
authorized  or  directed  by  the  contracting  officer.  The  surface  of  con- 
crete finished  against  forms  shall  be  smooth,  dense,  and  free  from  rock 
pockets.  Immediately  upon  the  removal  of  forms,  all  unsightly  ridges  or 
lips  shall  be  removed  and  undesirable  local  bulging  on  exposed  surfaces 
shall  be  remedied  by  tooling  and  rubbing  to  the  satisfaction  of  the  con- 
tracting officer;  all  holes  left  by  the  removal  or  omission  of  tie  rods, 
and  all  similar  voids  unless  otherwise  directed  by  the  contracting  officer 
shall  be  neatly  filled  with  cement  mortar  mixed  in  the  same  proportions 

as  the  original  mix,  provided  that  wherever  practicable  mortar  which 
has  been  mixed  and  allowed  to  stand  for  one  hour  shall  be  used  and 
placed  as  directed  by  the  contracting  officer.  Defective  concrete 
shall  be  repaired  by  cutting  out  the  unsatisfactory  material  and  placing 
new  concrete  which  shall  be  formed  with  keys,  devetails,  or  anchors  to 
attach  it  securely  to  the  otherwork.  This  concrete  shall  be  drier  than 
the  usual  mixture  and  shall  be  thoroughly  tamped  into  place.  All  fin- 
ishing, tooling,  rubbing  and  filling  of  the  rod  holes  and  all  patching 
of  exposed  surfaces  must  be  performed  iiiinediately  after  forms  are  re- 
moved and  the  succeeding  course  of  concrete  shall  not  be  placed  until 
the  exposed  surfaces  of  the  preceding  lifts  have  been  finished  to  the 
satisfaction  of  the  contracting  officer.  All  hori^.ontal  surfaces  of 
concrete,  not  covered  by  forms,  that  are  not  to  be  covered  by  additional 
concrete  or  backfill,  shall  have  a  wood  float  finish  without  additional 
mortar,  and  shall  be  true  to  elevations  as  shown  on  the  drawings.  Care 
shall  be  taken  to  see  that  all  excess  water  is  removed  before  making 
this  finish.   Other  surfaces  shall  be  brought  to  the  specified  finished 
elevation  and  left  true  and  regular  as  approved  by  the  contracting 
officer.   Where  considered  necessary  by  the  contracting  officer,  or 
where  indicated  on  the  drawings,  joints  shall  be  carefully  made  with  a 
jointing  tool. 

Every  precaution  shall  be  taken  by  the  contractor  to  protect 
finished  surfaces,  from  stains  or  abrasions.  No  fire  shall  be  permitted 
in  direct  contact  with  any  concrete  at  any  time.  Concrete  surfaces,  or 
edges  likely  to  be  injured  during  the  construction  period,  shall  be 
properly  protected  by  leaving  the  forms  in  place,  or  by  erecting  covers 
satisfactory  to  the  contracting  officer. 

Concrete  surfaces  for  all  water  passages,  pier  nosings  and  the 
scroll  cases  shall  be  finished  with  extreme  care  r^o  that  there  are  no 
projecting  fins,  pits  or  other  defects  that  might  interfere  with  the 
smooth  flow  of  water. 

(b)  Monolithic  Floor  and  Horizontal  '^rfaces.  - 

(1)  Monolithic  concrete  floor  finish  shall  be  of  the 
same  mix  as  the  base  of  the  slab,  the  full  depth  being  placed  at  one 
time.  The  surface  shall  be  screeded,  floated  with  a  wood  float  in  a 
manner  to  thoroughly  compact  it,  and  then  steel- troweled  to  a  smooth 
finish.  Troweling  shall  be  the  minimum  amount  consistent  with  obtain- 
ing a  smooth  dense  surface  and  shall  not  be  done  until  the  concrete 
has  hardened  sufficiently  to  prevent  excess  fine  material  from  being 
worked  to  t-he  surface. 

(2)  The  floor  finish  shall  not  be  cut  through  or  lined 
off,  except  where  so  indicated  on  the  drawing  details,  to  follow, 
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(3)  stair  treads  shall  be  brought  to  a  smooth,  haixl 
finish.  Where  metal  stair  treads  are  used,  the  concrete  shall  be  care- 
fully and  thoroughly  worked  into  place  around  the  treads.  All  treads 
shall  be  true  to  line  and  grade. 

(4)  Concrete  slabs  over  which  built-up  roofing  is  to 
be  applied  and  slabs  which  are  to  be  covered  with  membrane  water- 
proofing shall  be  struck  off  true  to  grade,  and  floated  to  smooth  sur- 
faces suitable  for  application  of  roofing. 

(5)  Treatment  of  the  top  surfaces  of  removable  con- 
crete slabs  shall  be  similar  to  the  floor  in  which  they  are  to  be  lo- 
cated. 

(6)  Curing.  -  Concrete  floor  finish  shall  be  covered 
with  moist  sand  and  cured  for  fourteen  days,  after  which  all  sand  or 
other  covering  shall  be  removed. 

(7)  Protection.  -  The  contractor  shall  provide  proper 
protection  for  floors  to  prevent  damage  of  any  kind  prior  to  com- 
pletion of  all  work  under  the  contract. 

(8)  llfeasurement  for  Payment.  -  Payment  for  monolithic 
concrete  floor  finish  will  be  based  on  the  actualerea  of  surface  in- 
stalled making  no  deductions-  for  areas  of  less  than  10  square  feet. 

(9)  Payment.  -  The  cost  of  all  labor,  plant  and  ma- 
terials (except  materials  specified  to  be  furnished  by  the  Government) 
required  to  finish  all  monolithic  concrete  floors  as  specified  or  dir- 
ected, shall  be  included  in  the  contract  price,  per  square  foot,  for 
■Monolithic  Concrete  Floor  Finish." 

3-12 .  CURING. 

(a)  General.  -  Before  actual  concrete  placement  begins,  the 
contractor  shall  have  on  hand  and  ready  to  install  all  equipment  needed 
for  adequate  coring  and  protection  of  the  concrete. 

(b)  Warm  Weather.  -  All  concrete  shall  be  adequately  protected 
from  injurious  action  by  the  sun.  Fresh  concrete  shall  be  protected 
from  heavy  rains,  flowing  water,  and  mechanical  injury.  All  concrete 
shall  be  kept  wet  for  a  period  of  not  less  than  14  days  by  covering  with 
water,  or  with  an  approved  water- saturated  covering  or  by  a  system  of 
perforated  pipes  or  mechanical  sprinklers,  or  any  other  approved  method 
which  will  keep  all  surfaces  continuously  (not  periodically)  wet.  "Iiere 
wood  forms  are  left  in  place  for  curing,  they  shall  be  kept  wet  at  all 
times  to  prevent  opening  at  the  joints  and  drying  out  of  the  concrete, 
^ater  for  curing  shall  conform  to  the  req  urements  of  paragraph  5-06, 
and  shall  be  generally  clean  and  entirely  free  from  any  elements  which, 
in  the  opinion  of  the  contracting  officer,  might  cause  staining  or  dis- 
coloration of  the  concrete. 

(c)  Cold  leather.  -  Concrete  vhen  place  d  jring  cold  leather 
shall  be  kept  moist  and  provided  with  adequate  protection,  subject  to 
the  approval  of  the  contracting  officer,  so  that  the  air  in  contact 
with  the  concrete  will  be  maintained  at  temperature^  between  ^0   degrees 
F.  and  70  degrees  F.  for  at  least  the  first  5  days.   For  mas-ive  section, 
where  the  atmospheric  temperatures  are  sufficiently  lo"',  in  the  opinion 
of  the  contracting  officer,  to  cause  excessively  rapid  cooling-  and  con- 
tracting of  the  exterior  surfaces,  th^  period  for  maintaining  the  tena- 
peratare  of  the  air  in  contact  vith  theconcrete  between  50  and  70  de- 
grees F.  may  be  required  to  extend  for  14  days.   In  extremely  cold 
weather,  the  removal  of  temperature  protection  shall  be  done  gradually 

5-11 


so  th«t  the  temperpture  of  the  air  surrounding  the  concrete  is  reduced 
to  the  outside  air  temperature  at  a  rate  not  faster  than  5  degrees  F. 
in  any  one  hour,  or  50  degrees  in  any  24  hour  period.  Salt  or  ther 
chemicals  shall  not  be  admitted  into  the  mixture  to  prevent  freezing. 

(d)  Discoloring.  -  'fhen  absorptive  form  lining  is  used, 
measures  must  be  taken  to  prevent  the  staining  of  the  surfaces  of  al- 
ready-placed concrete  by  drainage -from  the  new  pour.   The  adequacy 
of  such  measures  are  to  be  subject  to  the  approval  of  the  contracting 
officer. 


5-13. 


FORMS. 


(a)  Ijfcterials.   -  Forms  shall  be  of  wood,   steel  or  other 
approved  material,  except   that  the   sheeting  for  all  exposed  surfaces 
shall  be   tongue -and -groove   lumber  of  uniform  width  unless  otherwise 
specifically  authorized.     Forms  of  like  character  shall  be  used  for 
similarly  exposed  surfaces   in  order   to  produce  a  uniform  appearance. 
The   type,    size,   shape,   quality  and  strength  of  all  materials  of  which 
the   forms  are  made  and  the  design  of  the  forms  shall  be  subject  to  the 
approval  of   the  contracting  officer. 

(b)  Construction.   -  Forms  shall  be  built  true  to  line  and 
grade,   and  shall  be  mortar-tight  and   sufficiently  rigid  to  prevent 
displacement  or  sagging  between  supports,     '^ere   forms  for  continuous 
surfaces  are  placed  in  successive  units,   care  shall  be   taken  to  fit  the 
forms   tightly  over  the  completed  surface  so  as  to  prevent  leakage  o-f 
mortar  from  the  concrete  and  to  maintain  accurate  alignment  of  the  sur- 
face.    Responsibility  for  their  adequacy  shall  rest  with   the  contrac- 
tor.     Ibeir  surfaces   shall  be   smooth  and  free   from  irregularities,   dents, 
sags,   or  holes  when  used  for  permanently  exposed   faces.     Bolts  and  rods 
used  for  internal  ties   shall  be  so  arranged,    that,   when  the  forms  are 
removed,   all  metal  will  be   not   less   than  2  inches  fran  any  concrete   sur- 
face.    Bolt  holes  shall  be  reamed  with  a   suitable  toothed  reamer  so  as  to 
leave   the   surfaces  of  the  holes  clean  and  rough  and  shall  be  filled  with 
mortar  aa  specified  in  paragraph  5-ll(fi)»    immediately  upon  removal  of 
the  forms.     Wire   ties  will  not  be  permitted  without   the  approval  of  the 
contracting  officer,   and  at   no  time  where  the  concrete  surface  will  be 
exposed  to  weathering  and  where  discoloration  will  be  objectionable.     All 
forms  shall  be   so  constructed  that  they  can  be  removed  without  hammering 
or  prying  against   the  concrete.     Unless  otherwise   indicated,    suitable 
moldings  shall  be  placed   to  bevel  or  round  exposed  edges,  at  expansion 
joints  and/or  any  other  points  as  may  be  required  by  the  contracting 
officer. 

(c)  Curved  Forms.    -  Curved  or  special  forms  shall  be 
of  a   character  that  will  result   in  smooth  concrete   surfaces  and 
shall  at  all   times  be   subject   to   the  approval  of   the   contracting 
officer.     The   surfaces  shall  be   faced  with  dressed  and  matched 
lumber  or  other  approved  material.     Forms   shall  be   so  designed   that 
they  will  not  v;arp  or  spring  out  of  shape  during  their  erection  or 
the   placing  and  vibrating  of  concrete. 

(d)  Coating.   -  Forms,   except  those   lined  with  absorptive 
form  lining,    shall  be   coated  with  s   non-stain' ng  mineral  oil  which 
shall  be  applied   shortly  before   the   concrete   is  placed. 

(e)  Pemoval.    -  Forms   shall  not  be  removed  without   the 
approval  of   the   contracting  officer,   '^nd  all  removal   shRll  be  accom- 
plished  in  s  ich  manner  ar,  •-.•ill  prevent  injury   to   the   concrete.      Forms 
shall  not  be   removed  before    the  expiration  of  the  minimum  number  of 
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days  indicated  below,  except  v;hen  specifically  authorized  by  the  con- 
tracting officer,  ^en,  in  the  opinion  of  the  contracting  officer, 
conditions  on  the  work  ere  such  as  to  justify  it,  forms  may  be  required 
to  remain  in  place  for  longer  periods. 

Arches,  beams  and  slabs       14  days 
Columns  7  days 

Walls  end  vertical  faces       2  days 
(f)  Absorptive  Form  Lining.  -  In  addition  to  the  require- 
ments for  work  specified  above,  the  forms  for  all  exterior  surfaces 
of  the  structure  that  will  be  visible  above  low  head  or  tail  water  and 
all  interior  v/all  surfaces  that  will  be  visible  in  the  finished  struc- 
ture (not  covered  with  plaster  or  other  treatment  under  another  con- 
tract) and  the  curved  surfaces  of  the  ice  sluices  shall  be  constructed 
of  matched  lumber,  approved  by  the  contr^-cting  officer,  end  lined  with 
absorptive  lining.  The  absorptive  form  lining  shall  be  capable  through 
its  absorptive  capacity  of  eliminating  voids,  pits  and  other  common 
defects  from  the  storface  of  the  concrete  placed  against  it.  The 
form  lining  shall  be  highly  absorptive  to  air  and  x^ater  and  shall 
possess  surface  characteristiCvS  such  as  will  result  in  a  dense  con- 
crete with  a  satisfactory  surface  texture,  and  the  minimum  amount  of 
sticking  of  the  lining  upon  removal  of  the  forms.  The  lining  shall 
be  readily  adaptable  to  cutting,  fitting,  and  any  other  operation 
necessary  in  connection  with  its  use.  The  lining  itself,  and  any 
coating  or  treatment  employed  in  its  manufacture,  shall  be  such  as 
will  not  create  discoloration  or  interfere  with  the  normal  chemical 
reactions  of  the  cement  in  the  concrete.  The  type  of  lining  shall 
be  subject  to  the  approval  of  the  contracting  officer.   Tests  shall 
be  made  by  the  contractor  of  all  proposed  absorptive  lining-  as  dir- 
ected by  the  contracting  officer.  These  tests  shall  include  the  use 
of  absorptive  form  lining  on  concrete  surfaces  which  will  be  later 
covered  by  backfill.   I^amples  shall  also  be  furnished  to  the  Govern- 
ment for  laboratory  tests,  before  approval  of  any  type  of  lining  by 
the  contracting  officer.  Horizontal  joints  vill  not  be  permitted  in 
absorptive  form  lining  except  et  horizontal  construction  joints  in 
the  concrete  unless  otherwise  directed  or  approved  by  the  contracting 
officer.  Other  joints  in  absorptive  form  lining  shell  be  rnade  only 
where  directed  or  approved  by  the  contracting  officer,   l^br  cutting 
and  trinming  the  absorptive  lining,  the  contractor  shall  use  tools 
which  are  well  adapted  for  this  work  and  are  maintained  in  such  con- 
dition that  smooth  edges  will  be  produced.   The  joints  between  the 
sheet?,  of  absorptive  form  lining-  shall  be  fitted  smoothly  ond  accur- 
ately, and  patching  of  the  sheets  of  absorptive  form  lining  will  not 
be  permitted.   At  joints,  the  edges  of  the  form  lining  shall  be  in 
contact  but  shall  not  be  pressed  tightly  together.   Absorptive  form 
lining  shall  be  attached  to  the  forms  with  only  ^~  sufficient  number 
of  nails  or  othor  means  to  hold  the  lining  snugly  in  contact  with  the 
surface  of  the  forms,  and  free  from  bulges  ^^nd  other  imperfections 
that  mi/^ht  cause  unevennesn  or  roughness  of  the  concrete  surfaces. 
T^^ails  shall  be  driven  so  that  the  under  side  of  the  nailhe?ds  rill  be 
flush  with  the  surface  of  the  absorptive  lining,  end  c^re  sh'^11  be 
taken  not  to  make  dents  in  the  sarface  of  the  lining  with  hammers  or 
in  any  other  manner.  After  the  absorptive  lining  has  been  nailed  in 
place,  the  joints  shall  be  rubbed  with  p    smooth  tool  to  make  the  joints 
smooth  and  to  press  down  any  projecting  fibers.   In  tightening  the  form 


5-13 


anchors  where  absorptive  form  lining  is  in  contact  with  the  face  of  a 
previous  lift,  sufficient  pressure  shall  be  applied  to  compress  the 
lining  at  the  surface  of  contact  so  as  to  compensate  for  the  reduction 
in  thickness  of  the  lining  not  in  the  surface  of  contact  which  will  be 
caused  by  the  pressure  of  the  freshly  placed  concrete.   Insofar  as 
practicable,  the  contractor  shall  avoid  splashing  mortar  or  concrete 
on  the  absorptive  lining  and  shall  remove,  without  damage  to  the  lining, 
such  coatings  as  have  set  or  become  dry  before  the  concrete  is  placed 
against  the  lining.  Absorptive  form  lining  of  fibrous  materials  shall  be  used 
only  once  unless  it  can  be  demonstrated,  to  the  satisfaction  of  the 
contracting  officer,  that  re-use  is  practical.  After  use,  form  lining 
shall  be  removed  from  the  site  of  the  work  or  disposed  of  as  approved 
by  the  contracting  officer.  Forms  lined  with  absorptive  lining 
shall,  in  general,  be  removed  or  loosened  early  enough  to  avoid  diffi- 
culty from  sticking;  except,  the  form  shall  be  allowed  to  remain  in 
place  for  a  sufficient  length  of  time  to  provide  adequate  support  for 
the  concrete,  as  determined  by  the  contracting  officer.  Fibers  from 
the  lining  which  adhere  to  the  concrete  when  the  forms  are  removed, 
shall  be  removed  without  damage  to  the  concrete,  by  brushing  or  other 
suitable  means,  as  approved  by  the  contracting  officer.  At  all  times 
subsequent  to  delivery  of  the  absorptive  form  lining  and  prior  to  the 
placing  of  concrete  against  the  lining,  the  contractor  shall  take  all 
precautions  necessary  to  protect  the  lining  from  becoming  damp  or  wet 
to  such  an  extent  as  to  damage  the  material  or  to  reduce  its  effective- 
ness as  an  absorptive  medium.   Particular  care  shall  be  exercised  to 
protect  absorptive  form  lining  during  clean-up  operations,  an(^  tempo- 
rary protection  of  such  lining  will  be  required.   The  use  of  absorp- 
tive form  lining  which  has  become  wet  or  which  contains  visible  ejcter- 
nal  defects  such  as  holes,  ragged  or  untrue  edges,  breaks,  cracks, 
tparr,,  protuberances  or  indentations,  will  not  be  permitted, 

(g)  Special  Forms  -for  Ceilings.  -  The  bottoms  of  poured 
concrete  slabs  and  sides  and  soffits  of  beams,  which  will  be  visible 
in  the  finished  structure,  shall  be  lined  with  pressed  wood,  masonite 
board  or  plywood  meeting  with  the  approval  of  the  contracting  officer. 
(h)  Measurement  for  Payment.  -  IVfeasurement  for  payment  for 
forms  and  form  lininn-  shall  be  based  on  the  contact  area  between  the 
forms  and  the  final  outline  of  the  concrete  with  no  deductions  for 
openings  less  than  30  square  feet  in  area  and  with  no  addition  for  re- 
veals or  chases  less  than  3  inches  in  depth. 

The  warped  faces  of  the  downstream  training  walls  shown  on 
sheet  17  of  the  drawings  will  be  included  in  the  quantity  of  straight 
(not  curved)  forms. 

(i)  Payg^nt.  -  The  cost  of  all  labor,  plant  and  material 
necessary  to  furnish,  pl?ce  end  remove  all  form?  and  form  lining  in- 
cluding supporting  framework  shall  be  included  in  contract  unit  prices, 
per  squaro  foot  for: 

(1)   "Straight  Concrete  Forms" 

"Concrete  Forms  Curved  One  V7ay" 

"Concrete  Forms  Curved  Two  Ways" 

"Absorptive  Form  Lining" 

"Concrete  Forms  for  Ceilings" 

"Concrete  Forms  for  Construction  Joints" 
The  outline,  shape  or  size  of  the  concrete  spiral  casing 
may  be  changed  by  the  contracting  officer  well  in  advance  of  con- 
struction of  that  portion  of  the  work,  if  found  desirable  from  a  hy- 
draulic standpoint. 


(2) 
(3) 

(k) 

(5) 
C6) 
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should  this  change  be  made,  the  work  will  be  paid  for  in 
accordance  with  the  contract  prices  as  included  in  the  schedule, 
end  the  contractor  will  not  receive  any  additional  reimbursement 
therefor. 

5_14.   STEEL  REINFORCEIv^KNT. 

(a)  General,  -  The  contractor  shall  furnish  and  install 
all  steel  reinforcement,  including  rods  and  fabric  as  required.  The 
contract  unit  price  per  pound  for  "Peinforcing  Steel"  shall  include 
all  cost  of  furnishing,  cutting  and  bending,  cleaning,  proper  storage 
straightening,  if  necessary,  and  complete  installation.   All  rein- 
forcement shall  be,  when  surrounding  concrete  is  placed,  entirely- 
free  from  loose  scale,  dirt,  grease  or  other  coating  which  might  de- 
stroy or  reduce  its  bond  with  the  concrete.  All  placing  shall  be  in 
accordance  with  drawings  furnished  or  approved  by  the  contracting 
officer. 

(b)  Cutting  and  Bending.  -  Steel  reinforcement  shall  be 
mill  bent,  but  any  miscellaneous  bending  that  may  be  required  at  the 
site  shall  be  in  accordance  with  standard  approved  practice  and  by 
approved  machine  methods.  "Har  lists  and  bending  schedules  shall  be 
as  shown  on  detail  drawings  to  be  furnished  by  the  contractor  and 
approved  by  the  contracting  officer  (Se3   paragraph  l-Ol\.(c), 

(c)  Q.ua  1  i ty .  -  The  steel  reinforcing  shall  conform  to  the 
requirem.ents  of  paragraph  6-O4. 

(d)  Minimum  Spacing  of  Pods.  -  The  spacing  of  rods  shall  be 
as  directed  and  the  clear  distanc'^  between  parallel  rods  shall  not  be 
less  than  1^  times  the  diameter  of  round  rods,  or  twice  the  side  dimen- 
sions of  square  rods,  but  in  no  case  shall  the  clear  spacing  between 
the  bars  be  less  than  1^  times  the  maximum  si^.e  of  the  coarse  aggregate 
used  in  the  concrete,  unless  specifically  authorized  by  the  contracting 
officer. 

(e)  Relation  of  Pods  to  Concrete  Surfaces*  -  E^'cept  where 
otherwise  indicated-,  reinforcement  shall  be  placed  as  follows: 

(1)  All  tiBin  reinforcement  in  massive  concrete  sections 
shall  be  placed  not  less  than  4  inches  from  any  concrete  surface,  unless 
otherwise  specifically  indicated  or  authorized. 

(2)  All  main  reinforcement  in  walls  and  slabs  of  build- 
ings exposed  to  the  K^eather  and  in  fire-resistant  construction,  shall  be 
placed  not  less  than  1  inch  from  the  surface  in  walls  and  slabs,  1|  inches 
in  floor  beams,  and  2  inches  in  girders  and  columns.   In  interior  flat 
slab  construction,  the  minimum  cover  may  be  reduced  to  3/4  inch.  For  in- 
terior work  where  fire  hazard  does  not  exist,  the  main  reinforcement  shall 
be  placed  not  less  than  3/k   inch  from  the  surface  in  walls  and  slabs,  1 
inch  in  floor  beams,  and  1^  inches  in  girders  and  columns. 

(3)  The  covering  of  stirrups,  spacer  rods,  and  similar 
secondary  reinforcement  may  be  less  than  the  above  dimensions  by  the 
diameter  of  sich  rods.  The   above  dimensions  shall  be  measured  from  the 
face  of  the  reinforcement  to  the  face  of  the  forms. 

(f)  Splicing.  -  Where  splices  in  reinforcement,  in  addition 

to  those  indicated  on  drawings  or  directed  by  the  contracting  officer,  are 
necessary,  there  shall  be  sufficient  lap  to  transfer  the  stress  by  bond. 
Jtods  shall  be  lapped  not  less  than  40  diameters  and  splices  shell  be 
staggered.   The  lapped  ends  of  rods  shall  be  separated  sufficiently 
or  connected  properly  to  develop  the  full  strength  of  the  rods.  Ad- 
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jecent   sheets  of  mesh  reinforcement  shall  be   spliced  by  lapping  not 
J3SS   than  6   inches,    the   lepped  ends  being,  securely  -^ire-^    together. 
The  expense   caused  by  any  laps  other  than  those   indicated  on  the   draw- 
ings or  directed   to  be   placed  by   the   contracting  officer,   'vhich  are 
provided  for  the   convenience  of  the  contractor,    shall  be  borne  by  the 
contractor.      The  contractor  mfy,   at  his  option,   ™eld  by  electric 
resistance  welding  any  bars  one   inch  square  and    larger,   where   the 
length  of  bars  required   is    too   lonj'  for  convenient  s'-ipment,    provided 
such  v.'ork  is  done  by  v/elders  qualified  as   specified   in  paragraph  7-0? 
(d)(l)£.      The   welds  will  be    inspected  and    tested  by  the  Government* 
^mples   shall  be   selected  for  test  as  directed  by  the   contracting 
officer,    the  number   thereof  not   to  exceed   ^%  of   the    total  number  of 
welds.      The   expense  for  all   tests   (but   not   inspection)    shall  be  borne 
by   the   contractor. 

(g)     5}Upport5.   -  All  reinforcements  shall  be   secured  in  place, 
true   to   the   lines  and  grades   indicated,   by  use   of  metal  or  concrete 
supports,    spacers  or   ties  as  approved  by   the   contracting  officer.      Such 
supports   shall  be   of  sufficient   strength   to  maintain  the   reinforcement 
in  place   throughout  the   concreting  operation,   and  shall  be  used   in  such 
a  manner  that   they  will  not  be  exposed  on  the   face  of,   nor  in  any  "'ay 
discolor  nor  be   noticeable   in  the   surface  of  the   finished   concrete.     The 
cost  of  furnishing  and  placing  all  supports,    spacers,    ties  and/or  oth^^r 
devices  required   for  i-einforcement   shall  be   included   in  the   contract 
unit  price   for   "Reinforcing  Steel," 

(h)  Protection  for  Future  Use*  -  Exposed  reinforcement  in- 
tended for  bonding  with  future  "/ork  shall  be  protected  from  corrosion 
by  heavy  wrapping  of  burlap  saturated   with   bituminous  material. 

(i)     ?ifeasui^ement  and  Payment   for  '^teel  He  inf  or  cement*   - 
Steel  reinforcement  will  be   paid  for  at   the   contract  unit   price  per 
pound   for   "Reinforcing  '^teel."      (See  also  paragraph  9-04(a)*      The 
weights   for  payment   shall  be  based  on  the  amount  actually  placed   in 
accordance   with   the  dimensions  and  dotails  on  the  bar  schedules  as 
approved  by  the   contracting  officer.     Unit  weight^;  used   in  determining 
computed  weights  will  be  as   follows: 

'^^ize  of  "Hars,   Inches  Teight,   Pounds  per  Foot 

0.376 
0.^68 
0.850 
1.04'^ 
1/502 
2*0V+ 
2*670 
3.400 
4.303 
5.31? 
7*650 
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in  existing  concrete  work  to  anchor  the  new  concrete  to  it.   Holes 

shall  be  drilled  into  the  existing  concrete  to  depths  as  directed  by 

the  contracting  officer,  and  the  'bars  shall  be  gr-outed  into  these 

5-16 


3/8  round 
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1/2  square 
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3/4  round 
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1       round 

1       square 
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1-1/4   square 

1-1/2   square 

DOWEL 

BAR3 

) 

General*   -  "".'hero  roq 

holes  sufficiently  in  advance  of  concreting  operations  so  that  the 
grout  will  be  set  prior  to  placing  the  ne'^  concrete. 

The  dowel  bars  shall  be  deformed  steel  reinforcing  bar?5  and 
shall  conform  to  the  provisions  of  paragraph  6-04;  the  grout  shall  con- 
form to  the  provisions  of  paragraph  5~19« 

(b)  Measurement  for  Payment. 

(1)  Payment  for  holes  drilled  for  installation  of  doT"/el 
bars  shall  be  based  upon  the  linear  feet  of  holes  drilled  as  measured 
after  completion  of  drilling,  inclusive  of  any  "false"  drill  holes 
that  may  have  been  started  and  discontinued  when  striking  encased 
reinforcing  steel. 

(2)  The  total  weight  of  reinforcing  bars  that  will 
be  used  as  dowel  bars  shall  be  included  in  the  quantity  for  which 
payment  will  be  made  under  the  item  for  "Reinforcing  "^teel." 

(c)  Payment.  -  The  cost  of  all  plant,  labor  and  materials, 
(except  those  specified  to  be  furnished  by  the  Government)  required 
to  place  dowel  bars,  as  directed,  shall  be  included  in  the  contract 
price  per  lineal  foot  of  hole  for  "Drilling  Holes  for,  and  Placing 
Dowel  Bars." 

5_l6.  EMBEDDED  ITEMS. 

(a)  Before  piecing  concrete,  care  shall  be  taken  to  de- 
termine that  any  embedded  metal  or  other  parts  are  firmly  ^nd  securly 
fastened  in  place  as  indicated.  They  shall  be  thoroughly  clean  end 
free  from  coating,  rust,  paint,  scale,  oil,  or  any  foreign  matter. 
The  embedding  of  wood  in  concrete  shall  be  avoided  whenever  possible, 
metal  being  used  instead.   If  wood  is  allowed,  it  shall  be  thoroughly 
wetted  before  the  concrete  is  placed.  Any  air  or  water  lines  or 
other  materials  embedded  in  the  structure  as  construction  expedients 
shall  conform  to  the  above  requirements  and  upon  completion  of  their 
use  shall  be  backfilled  with  concrete  or  grout  as  directed  by  the 
contracting  officer.  No  payment  will  be  made  for  such  items  nor  for 
backfill  of  the  items. 

(b)  For  the  placement  of  structural  steel  in  concrete  see 
Sections  VII. 

(c)  Regie ts.  - 

(1)  Reglets,  if  used,  shall  be  No.  24  gage  steel 
cast  into  the  concrete  and  thoroughly  anchored,  of  size  and  shape 
suitable  for  their  particular  use.  At  breaks  in  level,  the  reglets 
shall  overlap  at  least  6  inches  and  they  shall  be  installer'  in  long 
lengths  with  joints  overlapped. 

(2)  The  cost  of  all  labor  and  material  necessaiy 
to  furnish  and  place  all  metal  reglets  as  specified  or  directed  by 
the  contracting  officer  shall  be  included  in  the  contract  price, 
per  linear  foot,  for,  "Metal  Reglets". 

5_17.  PRECAST  CONCRETE  SLABS.  _  rjnder  this  heading  the  con- 
tractor shall  make  and  place  in  the  structure  all  precast  concrete 
slabs  required,  using  Class  "A"  concrete. 

The  payment  for  precast  slabs  shall  be  included  in  the  contract 
unit  prices  for  the  separate  classes  of  work. 

3-18.  EXPANSION  AND  CONTRACTION  JOINTS. 
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(a)  General,  -  Expansion  and  contraction  joints  shall  be 
constructed  at  such  points  and  of  such  dimensions  e .-.   may  be  indicated 
or  required.   Ite  method  and  materials  used  shall  be  subject  to  the 
approval  of  the  contracting  officer  and  the  materials  shall  conform  to 
Federal  Specifications  wherever  applicable.  In  no  case  shall  corner 
protection  angles  or  other  fixed  metals  embedded  in  the  concrete  and 
bonded  be  continuous  through  an  expansion  joint. 

(b)  Built-up  Joint  Filler.  -  Joints  between  monoliths  shall 
contain  a  built-up  joint  filler  where  indicated  on  the  drawings  and  as 
described  below  unless  otherwise  directed  by  the  contracting  officer: 
in  the  area  of  the  joint  between  the  metal  water  stop  and  the  upstream 
face  of  the  structure:  in  areas  of  the  joint  between  surfaces  of  the 
galleries  and  the  surrounding  metal  water  stops;  and  in  other  places, 

a  strip  18  inches  wide  adjacent  to  final  exposed  surfaces.  The  filler 
shall  consist  of  one  thickness  of  30  lb.  asphalt- saturated  roofing 
felt  conforming  to  Federal  Specification  fW-F-191,  for  "Felt;  Asphalt- 
Saturated,  (for)  Flashing,  Roofing,  and  Water  proofing,  "Type  2,  joined 
to  the  concrete  on  each  face  of  the  joint  by  a  uniform  trowelled  layer 
of  bituminous  cement  Type  "B"  (See  paragraph  6-14(a), 

(c)  Preformed  Expansion  Joint  Filler.  -  Preformed  joint 
filler  one-half  inch  thick,  or  thicker  shall  be  used  in  the  expansion 
joints  where  shown  on  detail  drawing,  or  otherwise  required  by  the  con- 
tracting officer.   It  shall  conform  to  the  requirements  of  paragraph 
6-13»  Pieces  of  the  joint  filler  v/hich  have  been  deformed,  broken  or 
otherwise  damaged  shall  not  be  used.  Care  shall  be  taken  in  placing 

so  that  strips  of  the  joint  material  will  butt  tightly  against  the  ad- 
joining one. 

(d)  Asphalt  Filler  for  Joints.  -  An  emulsified  asphalt  joint 
filler  conforming  to  the  requirements  of  paragraph  6-ll;(c)  shall  be  used 
in  the  expansion  joints  of  the  penstock  deck  and  in  other  joints  above 
the  preformed  joint  filler  and  elsewhere  as  indicated  on  the  drawings  or 
required  by  the  contracting  officer.  The  surfaces  to  be  sealed  shall  be 
substantially  dry  and  shall  be  thoroughly  cleaned  of  all  loose  scale, 
dirt,  and  other  foreign  matter  preparatory  to  pouring  the  joint  filler. 
The  asphalt  to  be  used  for  capping  or  sealing  ^the  expansion  joints  is 

an  emulsion  and  shall  be  mixed  with  clear  cold  water  to  the  consistency 
necessary  for  proper  application  by  trowelling.  A  block  or  form  shall 
be  used  at  each  end  to  hold  the  material  in  the  joint  until  it  has  set, 
and  the  filler  shall  be  formed  flush  with  the  surface  of  the  adjoining 
concrete  or  steel.  Precautions  shall  be  taken  to  prevent  pouring  any 
material  on  the  exposed  surfaces  adjacent  to  the  joints. 

(e)  ""ater  Stops,  Bituminous  and  Metal.  -  neater  stops  at 
the  upstream  face  of  the  powerhouse  at  vertical  joints  shall  be  of 
copper  strips  backed  up  by  six-inch  diameter  wells  filled  with 
special  bituminous  filler,  type  "C,  containing  a  steam  heating  unit. 
Details  will  be  shown  on  drawings  to  be  issued  later. 

The  six-inch  wells  shall  be  formed  by  halved  concrete  pipe  on 
one  side  of  the  well.   The  halved  concrete  pipe  shall  be  non-rein- 
forced, and  of  bell  and  spigot  pattern,  and  shall  conform  to  Federal 
Specification  '^-S-P-371'   The  minimum  thickness  of  shell  shall  be  one 
inch  and  depth  of  socket  two  inches.   The  halved  or  split  faces  shall 
be  smooth  and  in  one.  plane. 

As  the  v.slls  and  mess  sections  progress  in  height,  sections  of 
the  steato  heating  unit  shall  be  installed  in  the  wells,  pnd  the  wells 
shall  be  filled  solid  with  bituminous  material.  The  special  bituminous 
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filler,   type  "C"   shall  conform  to   the  requirements  of  paragraph  6-14(b). 
After  completion,   each  vertical   joint  shall   be  hested  by  steam  until 
the  bituminous  material   is  melted,   end  additional   bituminous  material 
shall   then  be   introduced  under  pressure  until  no  more   can  be  added 
under  pressures  up  to  IOC  pounds  per  square   inch  or  as  directed  by   the 
contracting  officer.      This  filler  will  be  supplied   through  a  4-inch 
T.'rought  iron  pipe   installed  at  an  accessible  location,  as  directed  by 
the  contracting  officer.      Inside   this  feeder  pipe,   end  extending  in  a 
continuous  circuit  from  the  bottom  to   the   top  of  the  six-inch  well, 
shall   be   placed   the  3/4-irich  wTought   iron  steam  pipe   for  use  as  a 
heater  coil  to  soften  the  bituminous  filler.      The  4-inch  wrought  iron 
pipes   shall  extend  beyond   the   surface  of   the   concrete  and  shall  be 
fitted  v?ith  steel  flanges.     The   wrought  iron  steam  pipes  and  3/4-inch 
nipple  for  supplying  bituminous  material  shall  extend  2  inches  beyond 
the   flange  on  the  4-inch  pipe  and  shall  be   threaded  and  capped.     All 
wrought  iron  pipe  shall  be  genuine  v/rought  iron  conforming  to   the  re- 
quirements of  paragraph  6-l6» 

The  water  stops  shall  be   l6-ounce  copper  24-inches  T^ide   con- 
forming to   the  requirements   of  paragraph  6-09(a)  end  bent  as  will  be 
shown  on  the   drawings.     The  ends  of   the  strip  shall  be   lapped   1  inch  and 
joined  together  and  made  watertight     ■''e  brazing  which   shall  be   subject  to 
the  approval  of  the  contracting  officer.     The   bottom  of  each  water  stop 
at  monolith  contraction  joints  shall  be  embedded  six  inches   in  firm  rock 
and   the  recess  filled  with  mortar  and   the  mortar  allowed   to  harden  be- 
foi-e   piecing  the   first   lift  of  the   concrete.      Immediately  after  removal 
of  the   form,   the  exposed  metal  water  stops,    concrete  pipe  and  steam  pipe 
shall  be  protected  by  boxes  approved  by  the   contracting  officer. 

Other  water  stops  of  l6-ounce   copper  conforming  to  the  require- 
ments of  paragraph  6-09(a)   and  bent  as  will  be  shown  on  the   drawings, 
shall  be   installed  ax-ound  gallery  openings  at  contraction  joints  and 
elsewhere  as   ind-icated  on  the   drawings,   or  as  otherwise  required. 

(f)  Ilfeasurement  and  Payment  for  Material  in  Joints.   - 
Joint  material   shall  be  measured  in  place  and  shall   include  all  labor, 
plant  and  material  necessary   to  furnish  and   install   the   joints   com- 
plete as  specified,   in  accordance  with   the   following  contract  unit  prices: 

(1)  "Halved  Concrete  Pipe,"    per  linear  foot. 

(2)  "CcSpper  Water  Stops,"    per  pound 

(3)  "Special  Bituminous  Filler,   IVpe  C"   per  cubic  foot. 

(4)  "Wrought  Iron  Pipe  and  Fittings"    per  pound   (See  also 

paragraph  11-18 

(g)  Pressux-e  Grouting  Structure.  - 

(1)  Grout  Pipes.  -  Bleclr  steel  pipe  conforming  to  the 
requirements  of  paragraphs  6-15(a)  and  (b)  shall  be  placed  in  the  concrete 
for  pressure  grouting  at  such  points  as  may  be  designated  by  the  con- 
tracting officer.  Ends  of  pipe  at  joint  to  be  grouted  shall  be  fitted 
with  an  approved  sheet  iron  grout  shield  or  box  to  permit  entrance  of 

the  grout  into  the  joint.  Where  required,  to  prevent  loss  of  grout, 
the  space  adjacent  to  grout  pipes  shall  be  caulked  with  oakum  or  sat- 
isfactorily plugged,  and  grout  stops  shall  be  installed  in  the  joints  as 
directed. 

(2)  Payment  for  grout  pipes.  -  The  cost  of  all  labor 
and  material  required  to  furnish  and  install  all  embedded  grout  pipes 
and  connections  as  specified  or  ordered  shall  be  included  in  th*^  con- 
tract unit  price  per  pound  for  "Grout  Pipes  and  Connections"  (See   also 
paragraph  3-ll(g)(l),  which  price  shall  include  all  necessary  caulking, 
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grout   shields  and   fittings,  "but  not  grout   stops.     Grout  stops  will  ^e 
paid  for  at   the   contract  unit  price   per  pound   for  ""^heet  Iron  and  "teel". 

(3)  Pressure  Grouting.    -  Pressure   grouting'  shall  be 
done   in  the  manner  and  with   the   equipment  specified   in  paragraph 
3-12(c)   and   (d)  and  at  pressures  as  directed  by  the   contracting  officer. 

(4)  Payment.    -  Payment  for  pressure  grouting  in  the 
structure  will  be  mede  as  specified   in  3"12(e). 

■     5-19.      POURED  GROUT. 

(a)  Materials  and  Placing.   -  The   contractor  shall  mix  and 
place  all  grout  required  to  complete    the  -work  end   not   specifically  in- 
cluded elsewhere.      Grout  shall  be  a  mixture   of  cement,    sand  and  water, 
of  proportions  as  directed.     The  grout  shall  be  placed   in  such  a  manner 
that   the   entire   space  being  grouted  will   be   completely  filled,   as  dir- 
ected by   the   contracting  officer.      Cement  and  sand  for  poured  grout  will 
be   furnished  by   the  Government,   but   the  contractor  shell  screen  the 
sand  when  necessary  to  remove   the   larger  particles. 

(b)  payment.   -  The   cost  of  all   labor,   plant  end  materials 
(except   those   furnished  by  the  Government)    for  pouring  grout  as 
specified  or  directed,    shall  be   included  in  the  contract  unit  price 

per  cubic  foot  for   "Poured  Grout."      (See  also  paragraphs  9-06  and  10-18) 

3_20.      SPECIAL  GROUTING  UNDER  ivl/.CHIKeRY . 

(a)  Material.   -  Grout  used  under  machinery  and  in  other 
locations,   when  so  directed  by   the   contracting  officer,    shall  con- 
tain special  aggregates   to  prevent   shrinkage.      The   proportion  of  ma- 
terials and  method  of  placement   shall  be  as  directed  by  the   contracting 
officer.      The  metallic  aggregate   shall,   when  mixed  with  standard 
Portland   cement  and  clean  natural   sand,    offset   the   shrinkage,   reduce 
the  absorption,   and  increase   the   plasticity  of  the  mortar  as  measured 
by  flow,   without  impairing   its   strength.      The  metallic  content  of   the 
non-shrink  aggregate   shall  be  pure  and   shall   contain  not  more   then  .02f 
oil  and  shall  not  contain  any  non-ferrous  metal  particles.     Total 
shrinkage  of  the  mortar  shall   be   less   then   .001  inches  per  inch  of 
height  at   the  end  of  24  hours.      At   the   end   of  28  days,    there    =5hall  be 

no  shrinkage  and  the  expansion  shall   be   less    than  0,%»     Cement  and  sand 
will  be   furnished  by  the  Government. 

(b)  Payment.    -  The   cost  of  all    labor,    plant  and  materials 
(except   those   furnished  by   the  Government)    for  placing  all  non-shrink 
grout,  as   specific;^   or  directed,   shall  be    included  in  the  contract  unit 
price   per  cubic   foot  for  "Special  Non-shrink  Grout"    "''ee  also  paragraph 
9-06.) 

5-21.      '.VATHKPROOFING. 

(a)  General.    -  The   contractor  shall  furnish  and   install  all 
membrane  -waterproofing,    including  all  metal  work,   caulking,   and  associa- 
ted work  shown  on  detail  drawings   to  be   furnished    later  or  directed  by 
the   contracting  officer. 

(b)  Materials. 

(1)  Iferred  Felt.  Tarred  felt  for  vmterproof  mem- 
brane shall  conform  to  Federal  Specification  HP-F-201  for  "Felt; 
Coal-Tar-Satursted   (for)   Roofing  and  "Waterproofing." 
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(2)  Pitch.     Pitch  shall  conform  to  Federal  Specifi- 
cation R-P-381  for  "Pitch;   Coal-lfer   (for)  Minerel  Surfaced  Euilt-up 
Roofing,   Waterproofing  and  Dampproofing,"     Type   II, 

(3)  Copper.     All  copper  sheets   shall  conform  to  the 
requirements  of  paragraph  6-09t   snd  shall  weigh  not  less  than  I6  ounces 
per  square   foot. 

(4)  Sheet  Lead.     All   lead   shall  conform  to   the  require- 
ments of  paragraph  6-12,  and  shall  weigh  not  less   than  four  pounds 
per  square   foot. 

(5)  Miscellaneous  Jfeterials.     All  miscellaneous 
materials   that  will  be  used   in  connection  with   this  work  shall  be   of 
the  best  commercial  grades  and  shall  be   subject   to  the  approval  of  the 
contracting  officer. 

(c)  Metal  Work.    -The   contractor  shall  furnish  and  install 
all  copper  flashing,   counter  flashing  strips  over  construction  joints 
and  similar  work  associated  with  the  membrane  waterproofing.      Flashing 
shall  be   installed  end  sealed  into   the  reglets. 

Where   reinforcing  bars  will  be  run  through   the  waterproof 
membrane,    the   steel  shall  pass   through  a   lead  sleeve  et  least  8  inches 
high  with  an  8  inch  dimeter  flange  mopped   into   the   felt.     The   space 
between  the   steel  and   the  lead   sleeve   shall  be   filled  solid  with  elastic 
roofing  cement. 

(d)  Rfembrane  Wia  terproof  ing.    -  Five -ply  (or  equivalent    ,   of 
15  lb.    felt)   waterproof  membrane   shall  be   provided  where  directed. 
All  surfaces  upon  which  the  waterproofing  is  to  be  applied   shall  be 
dry  and  free  from  loose  materials  snd  shall  be   covered  by  a  membrane 
of  continuous  waterproofing  consisting  of  five  plies  of  tarred  felt 
end  six  moppings  of  pitch. 

A   coat  of  hot  pitch  shall  be  applied   to   the   surface,   and 
while   still  hot,   a  layer  of  felt  and   the   copper  flashing?   shall  be 
embedded   into  it,    to  be  followed  by  alternate  moppings  of  pitch  and 
layers  of  felt  until  all  layers  are   in  place,     ^ach  layer  of  felt 
shall  be   thoroughly  rubbed  into   the   hot  pitch   to  insure   thorough 
embednent.      Ttie   felt  shall  be   laid  without  wrinkles  or  buckles  and  the 
finished  membrane   shall  be   free  from  pockets  or  blisters.     Felt  shall 
be  lapped  at  ends  and  edges  not  less   than  10  inches,    thoroughly 
mopping  between.      Flanges  of  lead   sleeves  shall  be  mo'oped   in  belox'r 
the    top  layer  of  felt. 

Flashing  strips  or  other  sealing  means  around  all  other 
openings   through  the  membrane    (such  as  drains,   ventilators,    ducts 
etc.)  will  be  provided  and   set  as  described   in  other  sections  of 
these   specifications  and   they  shall  be  mopped   in  place   in  e   ^-imilar 
manner. 

Nbt  less   than  1^0  pounds  of  pitch   shall  be  used   for  con- 
structing each   100  square   feet  of  membrane  and   the  pitch   shell  not 
be  heated  above  350  degrees  Fahrenheit.     At  angles,   construction  joints 
and  places  where   the   waterproofing  may  be   subjected  to  unusual  strain, 
there   shall  be   applied  not   less   than  two  extra   reinforcing  layers   of 
felt  and  alternate  moppings  of  pitch. 

Care   shall  be   taken  not   to  injure   the  waterproofing  mem- 
brane either  during  construction  or  after  application,   and  all  fin- 
ished work  shall  be  approved  before  being  covered  with  concrete  or  other 
material. 
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(e)     Measurement  and  Payment  for  Water proofing*   - 

(1)  Measurement  for  payment  for  membrane  waterproofing 
shall  be  based  on  the  net  areas  with  no  deductions  for  openings   less 
than  15  square   feet  in  area.     Vertical  heights  from  the  deck  to  the 
reglet   shall  not  be  added  to   the  net  area   of  membrene  waterproofing. 

(2)  The   cost  of  all   labor,    plant,   and  materials  re- 
quired  to  furnish  and   install  all  vraterproof ing  as   specified  or  dir- 
ected,   shall  be   included   in   the   contract  prices   for: 

ai.      "Membrane  Waterproofing"   per  square   (100   square 
feet),  "" 

b^.      "Copper  Metal  Work,"   per  pound.      (See  also  para- 
graph 12-09). 

_c.      "Lead  Sleeves  and  Flanges,"   per  pound. 

5-22.     DAMAGED  AND  DEFECTIVE  CONCRETE.   _  Concrete   containing 
voids,   holes,   honeycombing,    or  similar  depression  defects  shall  be 
completely  removed  and   replaced  as  specified  in  paragraph  5-ll(s)» 
provided  that   shallow  defects  may  be   repaired  with  gunite  or  with  an 
approved  compressed  air  mortar-gun  as  hereinafter  specified  when  so 
directed  by  the  contracting  officer.      In  no  case  will  extensive  patch- 
ing of  honeycombed  concrete  be   permitted. 

Defective   surfaces   to  be   repaired  with  a   cement  or  mortar 
gun  shall  be   cut  back  a  minimum  of  one-he  If   inch  over   the  entire  area. 
Feather  edges   shall  be  avoided  and  the   thickness  at  the  edge  of  the 
patch  shall  be   increased  suf f'iciently   to  allow  the  cutting  of  a  key 
into   the   solid  concrete.     ¥hen  chipping  or  cutting  tools  are  not 
required   in  order   to  deepen   the  area   properly,    the   surface  shall  be 
prepared  for  bonding  by  the   removal  of  all   laitance  and  all   soft 
material,    and  not   less   than  1/32"   depth  of  the  surface   cut  from  all 
hard  portions  by  means  of  an  efficient   sand  blast.     After  cutting  and 
sandblasting  the   surfaces  shall  be  wet  down  sufficiently  in  advance 
of  shooting  so  that  while   the  gunite    is  being  applies   the   surface 
under  repair  will  remain  moist,   but  not  so   wet  as   to  overcome   the 
suction  upon  which  a  good  bond  depends.     Gunite  and  mortar  for  re- 
pair purposes  shall  consist  of  cement  and  sand,  graded,    proportioned, 
and  mixed  as  directed. 

The  removal  end  re{)lecement,   or  the  repair  where   directed, 
of  any  concrete   shall  be   performed  at   no  expense   to  the  Government. 
The   contractor  shall  be   charged  for   the  materiels  used   in  such  re- 
placed concrete  or  repair  work,    the  amount  that  the  materials  cost 
the  Government  at   the  point  of  delivery  to  the   contractor. 

5-23.      IvEASURETviEOT  AIJD  PAYMENT  FOR  CONCRETE, 

(a)     Co ncre te ,   Ge nera 1 .   -  Measurement  of  concrete  will  be 
made   on  the  basis  of  the  actual  volume   of  concrete  within  the  neat 
lines  of  the   structures  as   indicated  on  the   dr«rvings  or  otherwise  re- 
quired.     Tvfeasurement  of  concrete  placed  against  the   sides  of  the   ex- 
cavation without   the   use  of  intervening  forms  will  be  made  only  with- 
in the   neat   lines  of  the   structure.     ^To   deductions  will  be  made  for 
rounded  or  beveled  edges  or  space  occupied  by  metel  work,   electrical 
conduits,    timber,    nor  for  voids  which  ere  either  less   thaa    five   (5) 
cubic  feet   in  volume  or  ore(l)    square   foot   in  cross   section.     Unless 
otherwise   specified,    payment  for  concrete  will  be  mrde  at   the  appli- 
cable  contract  unit  price  per  cubic  yard  for  "Concrete;   Class  A,    "Con- 
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Crete  Class  B"  or  Concrete;  Cless  C"  which  prices  shall  include  the  use  of 
all  equipment,  tools,  material,  false-work,  bracing,  bolts,  rods, 
metal  ties,  preformed  expansion  joint  filler,  asphalt  filler,  built- 
up  joint  filler,  canvas,  mortar,  labor,  special  provisions  for  hot  and 
cold  weather  placing  and  curing,  and  all  other  items  required  to  com- 
plete the  concrete  work. 

(b)  Additional  Concrete.  -  Any  other  concrete  to  be  placed 
and  not  specifically  covered  above  will  be  paid  for  at  the  that  con- 
tract unit  price  for  the  concrete  specified  above  which  is  most  appli- 
cable to  the  additional  concrete  placed  as  determined  by  the  contracting 
officer.   Tie  decision  of  the  contracting  officer  regarding  the  classi- 
fication of  such  additional  concrete  will  be  final,   ^■b  payment  will  be 
made  for  any  additional  concrete  which  may  be  authorized  by  the  con- 
tracting officer  at  the  request  of  and  primarily  for  the  benefit  of  the 
contractor,  vhich  is  not  found  necessary  and  required  and  directed  by 
the  contracting  officer  under  the  provisions  of  these  specifications. 
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Specifications:   Bamhart  Island  Powerhouse 

SECTION  VI  -  MATERIALS 
6-01.   GENERAL 

(a)  Materials.-  All  materials  shall  be  of  new  unused  stock,  free 
from  defects.  Substitution  of  size  of  sections  and  materials  fran  that  shown 
on  the  drawings  or  required  in  the  specifications  shall  not  be  made  except 
on  written  approval  of  the  contracting  officer  and  provided  that  the  cost 

to  the  Government  shall  not  be  increased  thereby, 

I&terials  indicated  on  the  drawings  or  required  in  the  work  and  not 
covered  elsewhere  in  these  specifications  by  detailed  requirements,  shall 
conform  to  the  requirements  of  this  section. 

The  detailed  specifications  herein  may  contain  materials  not  required 
in  the  completed  work.  Any  materials  required  which  are  not  covered  by 
detailed  specifications  herein  or  elsewhere  in  the  specifications  shall 
conform  to  the  applicable  Federal  Specifications,  grade  and/or  class  as 
required  or,  in  case  where  there  are  no  applicable  Federal  Specifications, 
to  applicable  specifications  of  the  American  Society  for  Testing  Materials 
(A.S.T.M. ).   In  all  other  cases  not  specifically  covered  in  these  speci- 
fications, the  contractor  shall  furnish  the  highest  grade  conmercial  material 
or  product. 

(b)  Inspection.  Acceptance  and  Rejection  of  Materials.-  All 
materials  shall  be  subject  at  all  times  to  inspection  by  the  contracting 
officer  who  will  select  such  samples  in  such  quajjrtities  as  he  may  deem 
necessary  and  subject  the  same  to  such  tests  as  may  be  necessary  to  determine 
their  qualities  as  herein  specified,  and  he  will  accept  or  reject  materials 
in  accordance  with  the  results  of  such  tests.  Tests  may  be  repeated  upon 
arrival  of  the  various  shipments  at  the  site  of  the  work  as  may  be  necessary 
to  insure  the  acceptance  of  only  such  materials  as  will  comply  with  the 
provisions  of  the  plans  and  specifications. 

(c)  Test  Specimens.  -  Special  test  specimens  shall  be  furnished 
by  the  contractor  on  request;  and  shall  be  of  such  shape  and  number  as 
designated;  and  shall  in  general  conform  to  Federal  Specifications  or  the 
specifications  of  the  American  Society  for  Testing  Materials  as  to  shape, 
size,  and  method  of  testing. 

(d)  Mill  Test  Reports.-  Mill  test  reports  certified  to  by  qualified 
technicians  shall  be  furnished  when  required  for  all  material  entering  into 
this  work  and  will,  in  general,  be  the  basis  of  acceptance  or  rejection  of  the 
materials.  The  contracting  officer  may,  however,  require  of  the  contractor 
special  chemical  or  physical  test  on  any  part  of  the  material  if  in  his 
opinion  the  conditions  justify  such  a  check. 

6-02.   FEDERAL  SPECIFICATIONS.  -  Copies  of  Federal  Specifications 
referred  to  herein  may  be  procured  from  the  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  D.  C,  at  a  price  of  five  or  ten 
cents  each.  When  the  term,  "Federal  Specifications"  or  "A.S.T.M.  Specifications" 
is  cited,  the  reference. shall  be  construed  to  mean  the  specifications  as  modified 
by  any  amendments  promulgated  before  the  date  of  opening  bids  for  the 
contract.  The  number  and  designation  of  the  Federal  Specifications  or 
A.S.T.M.  Specif icaticais  for  various  materials  to  be  furnished  under  this  contract 
are  as  herein  after  enumerated. 

6-03.  STRUCTURAL  STEEL. 

(®)  Steel  for  Structural  Uses.  -  All  structural  steel  required  for 
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the  building  frame,  orqne  runways,  etc.,  unless  for  temporary  use  or  to 
support  or  retain  machinery  and  other  embedded  metal  parts  in  alignment 
until  they  are  concreted  in,  and  unless  otherwise  specified  or  indicated, 
shall  be  in  accordance  with  Federal  Specification  Q,!^-S-711a  entitled  "Steel, 
Structural;  (for)  Bridges, •  Class  A,  Structural  Steel,  and  Class  G,  Rivet 
Steel,  except  that  the  chemical  properties  shall  be  so  controlled  as  to 
permit  the  material  to  be  easily  welded  by  the  arc-welding  process  where  such 
procedure  is  to  be  followed. 

(b)  Steel  for  Miscellaneous  Uses.  -  Structural  steel  for  work  in- 
cluded under  the  classifications  •Mi^'cellaneous  Steel  and  Iron  Work"  shall 
be  in  accordance  with  Federal  Specification  Q,Q-S-7?la  entitled  "Steel; 
Structural;  (for)  Buildings;  •  Class  A,,  Structural  Steel,  and  Class  C,  Rivet 
Steel. 

6-04.   CONCRETE  RElNrORCING  STEEL. 

(a)  Reinforcing  steel  shall  conform  to  Federal  Specification 
^Q,-B-71a,-  for  "Bars;  Reinforcement,  (for)  Concrete,"  Type  B,  Grade  2, 
Intermediate  Billet  Steel  or  Grade  3»  Intermediate  Car  Axle  Steel.  Bars 
1-1/4  inch  square  and  smaller  shall  be  deformed.  The  steel  shall  je  properly 
marked  as  to  grade. 

(b)  Fabric  reinforcement  for  concrete  shall  be  woven  or  elec- 
trically welded  wire  fabric  of  the  type,  weight  and  size  shown  on  the 
drawings.  The  wire  for  fabric  and  for  concrete  pile  reinforcing  shall  con- 
form to  A.S.T.M.  Specification  A82-J4  f*or  "Cold  Drawn  Steel  Wire  for  Concrete 
Reinforcement." 

6-05.  SIIEET  METAL.  -  Sheet  metal  shall  conform  to  Federal  Specification 
0,^-1-696  for  "Iron  and  Steel;  Sheet,  Black  and  Zinc  Coated  (Galvanized)"  of  the 
type  and  class  As   specified  or  required.  When  so  specified,  sheet  shall  also  con- 
form to  definite  chemical  requirements. 

6-06.   CORRUGATED  IRON  i^Ii^E.  -  Pipe  shall  conform  to  Federal  specifications 
Qj^-C-806,  Type  1,  except  zinc-coatin^-  shall  be  eliminated.  The  interior  sur- 
face shall  be  cleaned,  primed,  and  lined  with  coal-tar  enamel,  and  the  exterior 
siiall  be  cleaned,  primed,  and  coated  with  coal-tar  enamel,  Type  A,  with  a  banded 
asbestos  felt  wrapper.  All  such  materials  and  application  shall  be  in  accord- 
ance with  the  requirements  of  the  American  Water  Works  Association  Specification 
7A.6. 

6-07.  STEEL  RAIL  MTL   FITTINGS.  -  Steel  rail  and  fittings  shall  be  open 
hearth  steel  rolled  from  new  billets  and  slvall  conform  to  the  latest  standard 
specifications  of  the  American  Railway  Engineering  Association.  Rails  shall 
be  A.R.E.A.  section,  of  the  weight  per  yard  as  specified  or  required,  excent 
that  rails  for  gantry  cranes  shall  be  100  po\ind  A.S.C.E.  section,  and  for 
o-^erhead  cranes  they  shall  be  Lorain  Section  #418,  -  1,^5  pounds. 

6-08.   IRON  CASTlWuS. 

(a)  Cast  Iron.  -  Cast  iron,  unless  otherwise  specified,  shall  con- 
form to  Jrederal  Specification  141^-1-652  for  "Iron,  Gray;  Castings,"  of  class 
as  required. 

(ti)  Cast  Malleable  iron.  -  Cast-  malle-^ble  iron  shall  conform  to 
Federal  Specification  ii^-I-666  and  Amendment  1,  dated  November,  I934,  for 
"Iron  .  Malleable;  Castings,"  Black  (Un,:alvanized)  Type  A.  and  Zinc  Coated 
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(Galvanized)  Type  B. 
6-09.   COPPER. 

(a)  Plate  and  Sheets.  -  Copper  plate  and  sheets  shall  conform  to 
Federal  Specification  Q,Q,-C-501  and  Amendment  1,  dated  November,  I936,  for 
"Copper;  Bars,  Plates,  Rods,  Shapes,  Sheets,  and  Strips." 

(b)  Piping.  -  Copper  piping  shall  conform  in  all  respects  to 
federal  Specification  W«-T-799  and  Errata  -  2,  dated  April,  1934,  for  "Tubing; 
Copper,  Seamless  (For  use  with  Soldered  or  Flare d-Fi t t ings ) ,"  Type  K  or  L  as 
specified  or  required.  Fittings  for  copper  piping  shall  be  die  cast  brass  or 
copper  fittings  with  capillary  channel  and  feed  holes  for  solder  for  sweating 
in  place  and  shall  bear  the  name  of  the  manufacturer  stamped  thereon. 

6-10.   BRASS.  ^  . 

(a)  Pipe.  -  Pipe  shall  conform  to  Federal  Specification  WW-P-351 
and  Errata  1  dated  October,  1930 »  ^or  "Pipe;  Brass,  Seamless,  Iron-Pipe-Size, 
Standard  and  Extra-Strong,"  Grade  A. 

(b)  Pipe  Fittings.   -  Pipe  fittings  shall  conform  to  Federal  Spec- 
ification WW-P-4/18  ^or  "Pipe-fittings;  Brass  or  Bronze  (Threaded),  125-pounQ, 

•or  to  Federal  Specification  WW-P-461  for  "Pipe-Fittings;  Bronze  (Threaded), 
250-pound"  as  Specified  or  required,  composition  A  or  B.  Brass  unions  shall  con- 
form to  Federal  Specification  WW-U-5l6  for  "Unions;  Brass  or  Bronze,  250-pound," 
composition  A  or  B. 

6-11.  SOLDER. 

(a)  Solder  for  Fittings.  -  Solder  for  use  with  fittings  for  copper 
tubing  shall  be  a  special  solder  recommended  by  the  manufacturer  of  the  pipe 
or  fittings.   Flux  shall  be  non-corrosive. 

(b)  Solder  for  Brazing.  -  "^older  for  Brazing  shall  conform  to  Federal 
Specification  Q,^-S-55l  for  "Solder;  Brazing,"  of  composition  as  specified  or 
other  wise  directed. 

6-12.  LEAD.  -  Lead  shall  conform  to  Federal  Specification  Q,(i-L-171  for 
"Lead;  Pig,"   Grade  A  or  Q,^-L-201  for  "Lead;  Sheet,"   Grade  A. 

6-13.  PPEFORLffiD  JOIMT  FILLER.  -  Preformed  joint  filler  shall  be  cork 
conforming  to  Federal  Specification  HH-F-341  ^or   "Filler,  Expansion-Joint, 
Preformed;  Non-Sxtruding  and  Resilient -T^ pes  (for  Concrete) ."  Type  II,  self- 
expanding  cork,  or  bituminous  fiber  expansion  joint  filler  of  American 
Association  of  State  Highway  Officials  Standard  Specification  M-59-38* 

6-14.  SPECIAL  BirmaNous  CEr.3:OT. 

(a)   Type  "B" .  -Type  "B"  shall  be  an  internal  set-up  cement  of  asphal- 
tic  base,  composed  of  a  liquid  asphaltic  fluxing  agent  with  an  admixture  of 
powdered  asphalt,  asbestos  fiber  and  other  suitable  inorganic  fillers.  When 
mixed  in  the  proper  proportions,  the  cement  shall  be  suitable  for  proper  trowel 
application,  and  shall  haroen  to  a  consistency  as  specified  in  subparagraph  (3) 
below: 

(  1)  The  material  shall  be  surplied  in  containers  of  proper 
relative  size  to  apportion  batches  with  the  desired  troweling  consistency. 
The  liquid  asphaltic  fluxing  a^ent  shall  be  a  smooth  uniform  mixtvire,  not 
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thickened  or  livered,  and  showing  no  separation  which  cannot  be  easily  orercome 
by  stirring.  The  powdered  cement  shall  be  a  uniform  mix  containing  no  matted 
lumps  of  fibre . 

(2)  When  miifed  in  the  proportions  recommended  by  the  manufact- 
urer, the  cement  shall  yield  no  less  than  85  percent  of  non-volatile  matter 
when  10  grams  are  heated  in  an  oven  at  105  to  110  degrees  Centigrade  for  2^ 
hoxirs  - 

(3)  When  tested  in  accordance  with  A.S.T.g^  Specification 
D-5-25  for  •Penetration  of  Bituminous  materials,"  the  above  mixture  shall 
have  the  following  characteristics:   Immediately  after  mixine ♦  using  a  5/8 
inch  diameter  steel  ball,  114  grams,  5  seconds,  the  mixture  shall  permit 

a  penetration  greater  tlian  3^0.  The  same  specimen,  after  a  lapse  of  24  hours 
at  25  degrees  C.  under  water,  shall  permit  a  needle  penetration,  100  gretas, 
5  seconds,  of  not  more  than  100.  The  same  specimen  after  a  lapse  of  30  days 
at  23  detrees  C.  under  water  shall  permit  a  needle  penetration,  100  grams, 
5  seconds,  of  not  more  than  50- 

(b)  Type  "C*.  -  Type  "C"  cement  shall  be  an  internal  set-up  cement 
as  specified  for  Type  "B" ,  except  tiiat  it  shall  lave  a  melting  point  of  be- 
tween 50  and  55  degrees  C,  and  shall  have  a  needle  penetration  at  25  degrees  C.» 
of  not  less  than  °0 . 

(c)  Emulsified  Asphalt  Joint  Filler,  -  Emulsified  asphalt  joint 
filler  shall  be  an  emulsified  asphalt  compound  similar  and  eci.ual  to  "Static 
Asphalt,  Fibrated,"  manufactured  by  the  Flintkote  Company,  30  Rockefeller  Plaza, 
New  York,  N.  Y. 

6-15.   STEEL  PIPE  AND  FITTINGS. 

(a)  Welded  or  Seamless  steel  Pipe,  Black  or  Galvanized.  -  Welded 
or  seamless  steel  pipe,  black  or  galvanized,  class  and  coating  specified  or 
required,  shall  be  of  standard  commerical  i-v^Oe   and  sizes  in  conformity  with 
Federal  Specification  WW-P-403a  for  "Pipe;  Steel  and  Ferrous  Alloy,  Wrought, 
Iron-Pipe  Size,"  ex3ept  that  test  will  not  be  required.   Open  ends  shall 

be  reamed.  The  pipe  shall  be  straight,  clean,  and  free  from  scale,  rust,  oil 
or  other  foreigii  natter.  When  listed  on  bills  of  material,  random  lengths 
may  be  furnished.  Electric-fusion-welded  steel  pipe  shall  coat  arm   to  the 
Specifications  of  the  America:^  Society  of  Testing  Materials  for  electric- 
fusion-welded  steel  pipe  (sizes  ^Q   inches  and  over),  Serial  Designation 
A  134-39 1  or  electric-fusion-welr.ed  steel  pipe  (sizes  8  inches  to  but  not 
including  30  inches),  serial  designation  A  139-39 »  except  that  hydrostatic  tests 
will  not  be  required.  The  wall  thickness  shall  not  be  less  than  1/4  inches, 

(b)  Screwed  fittings.  -  Screwed  fittings  shall  be  of  standard  weight, 
malleable  iron,  conforming  to  Federal  Specification  WW-P-521a  for  "Pipe-fitting; 
Iplleable-Ii on  (Threaded),  150  pounds,"   plain  screwed  type,  plain  or   galvan- 
ized as  i^^fefcified,  except  that  where  30O   pound  fittings  are  specified  they  shall 
be  of  the  srade  commercially  known  as  "300  Pound  Malleable  Iron  Fittings." 

All  fittings  shall  be  of  the  same  weight  or  grade  as  the  pipe  with  which  they  are 
used. 

(c)  Unions.  -  Malleable  iron  unions  shall  conform  to  Federal  Specif- 
ication WW-U-531  for  "  Unions,  Malleable  Iron  or  Steel,  2^0  Pound,"  black  or 
zinc-coated  as  specified;  except  that  where  specified  as  30'^  pound,  they  shall 
be  of  the  commercial  grade  known  as  "300  pound  Malleable  Iron  Unions." 

(d)  -Forged  Steel  Flanges  and  Flanted  Fiitin^s.  -  ■'''oreied  steel 
flanges  and  flanged  fittings  sliall  be  nade  of  carbon  steel  and  shall  be 
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300  pound  class . 

6-16.  WPOUGHT  IRON  PIPE  AND  FITTir^S.  -  Wrought  iron  pipe  shall  conform 
to  Federal  Specification  M-P-441a  for  "Pipe;  Wrou^ht-Iron,  Welded,  Black  and 
Zinc-Coated,"   Class  A.  standard  or  Clacs  3,  extra  strong.   Open  ends  shall  be 
reamed.   The  requirements  in  the  specifications  for  fittinas  for  st«el  pipe  shall 
apply  also  to  fittings  for  wrought  iron  pipe.  Where  so  specified  herein  after, 
wrought  iron  pipe  shall  be  pickled  at  the  mill  to  remove  scale.  Welding 
fittings  shall  be  genuine  wrought  iron  of  long  radius  type,  fabricated  frcxn 
tubing  which  satisfies  the  requirements  for  'wrought  iron  pipe  as  specified  here- 
in, and  shall  be  pickled. 

6-17.   C/IST  IRON  PIPE  AND  FTTTI^JGS. 

(a)  Cast  iron  pipe  and  fittint-s  for  sanitary  lines  shall  conform  to 
Federal  Specification  WW-P-401  for  "Pipe  and  Pipe  Fitting^;  Soil.  Cast  Iron." 

(b)  Cast  iron  pipe  and  fittings  foi-  water  lines  shall  conform  to 
Federal  Specification  WW-P-421  for  "Pipe;  IFater,  Cast  Iron  (Bell  and  Spigot," 
Class  150. 

(c)  Acid  proof  pipe  and  fittings  shall  be  similar  and  at  least  equal 
to  "Dviriron"  pipe  and  fittings. 

(d)  Cast  iron  drain  fittings  shall  conform  to  Federal  Specification 
WW-P-491  for  "Pipe-Fittings;  Cast  Iron,  Draina-ge,  of  types  and  sizes  shown  on 
the  drawings  or  directed. 

(e)  Cast  iron  flai^es  and  flanged  fittings  shall  be  of  the  grade 
commonly  known  as  "125  Pound  Cast  Iron,"  faced  and  drilled. 

6-18.  STAJJDARD  "^OLTS.  -  Bolts  shall  conform  to  Federal  Specification 
FF-B-571a  and  Imefldment  1.  dated  April  1935.  for  "Boltg;  Nuts;  Studs;  and 
Tap-Ri^^ets  (and  material  for  same)."  Unless  otherwise  specified  or  required, 
bolts  shall  be  of  type  »B-2»  and  nuts  of  Class  "C"  steel,  Type  "A-2,"  with 
Class  3  aaedium  fit.  Zinc  or  cadmium  coated  bolts  shall  be  furnished  where 
specified,  indicated  or  required. 

6-I9.  LOCK  '-V4SHERS.  -  Lock  washers  shall  be  or   the  "Kantlink"  type  and 
shall  conform  to  the  S.A.E.  standard  dimensions  and  requirements,  for  lock 
washers  of  regular  section.  Mate-rial  shall  be  either  S.A.E.  XI055  or   S.A.E. 

io6o. 

6-20.  STEEL  WIRE  ROPE.  -  Steel  wire  rope  shall  conform  to  Federal 
Specifications  RR-R-571  and  Amendment  3«  dated  August  1939.  for  "Rope 
Wire''  of  sizes  and  types  as  specified  or  otherwise  required. 

6-21.   FLOOR  PLATING.  -  Floor  plating  indicated  on  the  drawings  shall  be 
of  carbon  steel  of  the  thickness  specified  or  required,  with  a  raised  pattern 
on  one  side  which  will  provide  a  non-srcid  surface  in  any  direction.  The  reverse 
side  of  the  plates  shall  be  smooth.  TJie  specified  thickness  of  the  plate 
shall  be  exclusive  of  the  raised  pattern,  which  shall  project  not  less  than 
5/6i;-inch  and  shall  have  a  tcp  fi"ee  from  sharp  coi'ners .  They  shall  be  closely 
spaced  so  that  the  foot  will  always  be  in  contact  with  several  or   the  raised 
portions . 

6-22.  PRESSURE  LUBRICANTS.  -  Grease  for  pressure  lubrication,  except 
that  for  gate  wheel  bearings,  shall  conform  to  Federal  Specification  VV-G-681 
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for  "Gre^ise;  Lubricj^ting,  Mineral,"  medium  grade.  Pressure  lubricant  for  ^ate 
wheel  bcarinf-S  shall  ':>e  that  reco.Tjneuded  by  the  bearing  manufacturer  and  shall 
be  effective  at-^O  decrees  F. 

(a)  Unit  Wejg-hts.  -  Unit  weights  for  metal  work  classified  and  paid 


hall  be  as  follows: 

rjickel  steel 

.285 

lbs. 

per 

cu. 

in 

Chrome  nickel  steel 

.2e5 

n 

n 

Iron  castings 

.260 

« 

n 

Bronze,  brass  and  copper 

.311 

n 

n 

Babbitt  metal 

.270 

• 

n 

Lead 

.409 

«• 

• 

\11  other  metals 

.283 

a 

R 

Kll   other  materials  for  which  payment  is  not  specifically  provided  elsewhere 
will  be  paid  for  on  the  basis  of  the  respective  unit  measures,  as  listed  in 
the  schedules  at  the  contract  unit  prices. 

(b)  Bills  of  Material .  -  The  contractor  shall  submit  to  the  cont- 
racting officer  calculated  bills  of  material  in  quadruplicate,  showing  in 
detail  the  material  actually  incorporated  in  the  finished  apparatus.   These 
bills  of  material  shall  be  prepared  from  the  final  siiop  drawing^s,  and  shall  be 
figured  according  to  the  nrocedure  described  above. 

(c)  Partial  Payment.  Unless  otherwise  specified,  estimates  will  be 
given  for  6o  percent  of  the  contract  prices  for  all  metal  work  delivered  and 
accepted  at  the  site  of  the  work,  for  which  payment  is  on  a  pound  price  basis, 
provided  such  material  be  stored  and  protected  from  deterioration  in  a  manner 
satisfactory  to  the  contr&cting  officer.  The  remaining  40  percent  will 

be  estimated  when  the  material  is  incorporated  in  the  work  and  accepted.  If 
any  material  so  stored  and  partly  paid  for,  be  not  kept  protected  in  a  manner 
satisfactory  to  the  contracting  officer,  no  further  partial  payments  on  metal 
work  as  provided  for  in  this  paragraph  will  be  made  and  the  material  will 
be  kept  protected  by  the  contracting  officer  at  the  expense  of  the  contractor. 
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Specif icationsf  Barnhart  Island  Powerhouse 

SECTION  VII  -  STRUCTURAL  STEEL  A.^ID  IkllSCELLANEOUS  STEEL  AaT)  IvDETAL  WORK 

7-01.   GENERAL 

(a)  Work  Included.  -  The  contractor  shall  furnish,  fabricate, 
and  erect  structural  steel  building  frames  and  all  other  structural  steel 
work  not  specifically  included  elsewhere  in  these  specifications,  and  all 
miscellaneous  steel  and  metal  work  incidental  to  the  work  to  be  performed 
as  shown  on  the  drawings  or  as  directed  by  the  contracting  officer.  The 
work  shall  include  all  anchor  bolts,  expansion  bolts,  and  other  forms  of 
anchorage  indicated  or  required  for  placing  or  attaching  of  the  steel  and 
metal  work  to  supporting  or  adjoining  structures.   The  work  shall  include 
all  labor  and  material  required  for  furnishing,  unloading,  transporting, 
storing,  erecting,  and  required  painting  of  the  following  items: 

(1)  Structural  Steel.  -  In  general  the  structural  steel 
work  to  be  furnished  under  this  heading  is  steel  building  frames,  crane 
runway  beams,  rails  and  fittings,  trestles,  and  girders. 

(2)  Miscellaneous  Steel  and  Metal  Work.  -  The  items  that 
are  included  under  this  heading  are  listed  in  paragraph  7-09. 

(b)  Temporary  Construction  Use.  -  With  the  approval  of  the  con- 
tracting officer,  the  contractor  will  be  permitted  to  temporarily  use  any 
available  work  of  the  permanent  structural  steel  work  for  any  purpose  for 
which  it  may  be  suitable.  All  steel  work  so  used  shall  be  properly  main- 
tained, shall  not  be  overstressed,  and  shall  be  restored  to  its  original 
condition  after  such  temporary  use.  In  case  of  irreparable  damage  to  any 
such  materia],  it  shall  be  replaced  at  the  contractor's  expense. 

7-02.   GENERAL  SPECIFICATIONS  FOR  METALS. 

(a)  Pf^nuirements.  -  The  requirements  for  all  classes  of  metals 
are  included  in  Section  71  of  these  specifications. 

(b)  Tystf-q  »"^  Trials.  ,.  „4.o  *  « 

(1)  The  contractor  shall  make  analyses  -and/  or  tpsts  to 
determine  that  all  materials  are  in  conformity  with  the  specifications 
except  where  tests  are  waived  or  not  required  by  the  contracting  officer. 
Such  analyses  and/  or  tests,  except  where  waived  or  modified,  shall  be  made 
as  indicated  in  the  respective  detailed  specifications  or  as  otherwise 

required. 

(2)  When' doubt   exists  as   to  the  soundness   of  any  part, 
such  part  may  be   subjected  to  X-ray  or  Gamma-ray  inspection  at   the  discre- 
tion of  the  contracting  officer  and  the  cost  of  such   inspection  will  be 
borne   by  the  United  States. 

(3)  Any  defects  disclosed  by  tests   and   trials  shall  be 

'  ii.mediately  remedied  by  the   contractor, without  expense   to  the  United  States, 
and  a  satisfactory  test   completed. 

7.03.      LIST  OF  MATERIAIS.    -   The   contractor  shall  furnish  the  contrac- 
ting officer  copies  of  all  purchase   orders,   mill  orders  and  shop  orders 
for  material,   and  work  orders.      The   contractor  shall  also  furnish  a  ship- 
ping bill  or  memorandum  of  each  shipment   of   finished  pieces   or  members 
giving  the   designation  mark  and  weight   of  each  piece,   the   nuii.ber  of  pieces, 
the   total  weight,   and   if  shipped   by  rail   the   car   initial  and  number. 
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Copies  of  certificates  of  tests  and   shipping  bills   in  triplicate   and  all 
orders   in  quadruplicate  shall  be  mailed  promptly  to  the  United  States 
Engineer  Office,  Massena,   New  York. 

7-04.     PATTERNS.   -  A  complete   set   of   patterns   in  first  class  condi- 
tion for  all  castings  detailed  on  the   drawings  or  which  are  not  the  stan- 
dard  stock  product   of  a   commsrcial  manufacturer  shall   be  furnished  by  the 
contractor  and  shall  become  the  property  of  the  United  States,   and  shall 
not   be  used  for  work  under  any  other  contract  unless   specifically  Jiuthorized 
or  directed  by  the   contracting  officer.     Dimensions   of   castings  shown   on    . 
drawings  are   finished  dimensions. 

7-05.     PART  IDENTIFICATION  AND  WEIGHT  RSQUIREvEOTS .   _  Kach  casting -and 
each  shop  fabricated  shipping  piece  shall   be   properly  identified   and   legibly 
marked   in  conformity  with  the  erection  drawings.     -Parts  weighing  more   than 
one   ton  shall   have   the  weight  plainly  msrkel   thereon.     Parts  requiring 
selective  assembly  in  the  field  shall  be  match-marked  after  shop  assembly. 

7-06.     SHOP  INSPECTION.    -  The  contractor  shall  keep  the   contracting 
officer   informed  as  to  commencement   and  progress  of  the  work.      In  accordance 
with  Article  6  of  the   contract,   the   contractor  shall  at   all   tixiies  permit 
Governinent   inspectors  free  access  to  all  parts  of  mills,   foundries  or  shops 
where  work   ia  being  carried  oh  under  the  contract  and  shall   provide  the  ne- 
cessary facilities  and  assistance  for  making  thorough  examinations.     Unless 
waived   in  writing  by  the   contracting  officer,  mill   inspection  will  be  re- 
quired on  all  metals.     The  acceptance  of  any  material  or  finished  member  by 
an  inspector  shall  not  prevent  subsequent  rejection  of  such  material  or  mem- 
ber is   later  found   to  be   defective. 

7-07.      KETAL  WORK  FABRICATION  AND  ASSEH'xBLY. 

(a)  General.    -  Except  as  otherwise  noted   in   these  specifications, 
fabrication  of  structural  steel  shall  be   in  accordance  with  Section  25  of  the 
■Specification  for  the   Design,   Fabrication  and  ?^ection  of  Structural  Steel 
for  Buildings"   as  adopted  by  the  American  Institute  of  Steel  Construction, 
and  revised   in  1937*     Erection  of  structural   steel  shall  be    in  accordance 
with  Section  27  of   the   above-mentioned  specification  except   that   paragraph 
(g)   shall   be    inoperative  and   the  requirements   of  paragraph   (f)   shall   not   ap- 
ply to  previously  shop  assembled  and  match-marked  units. 

(b)  Holes ♦   -  For  work  requiring     unusual  accuracy  in  fabrication 
or  erection,    as  governed     by  tolerances,    holes  shall   be  sub-punched   and 
reamed  after  assembly  in  material  3A   inch  or   less   in  thickness   but    in  ma- 
terial over  3/4  inch  in  thickness   shall  be  drilled  full  size  after  assembly 
or  drilled  at    least   1/8   inch   less  than  the   nominal  rivet  or   bolt  diameter 
before  assembly  and  reamed  full-size   after  assembly.      Roles  for  turned  bolts 
in   this  class  of  work  shall   have   a  Class  4  fit  with   tne  finished  shanks  of 
the   bolts  as  defined  by  Bulletin  B4a-1925  of  the  American  Standards    Asso- 
ciation.    For  sub-punching,    the   diacieter  of  the   punch  shall   be   3/16   inch 
smaller  than  the  nominal  di- meter  of  the  rivet.      For  punching  full-size,    the 
dipmeter  of   the   punch  shall   be   I/16    inch   larger  than  the  dia:;ieter  of   the 
rivet.      In  each  case,    the  diaT.eter  of   the   iie  shall  be   not  more  than  3/32  inch 
larger  than  the  diaiaeter  of  the  punch. 

(c)  Bolts  and  Nuts. 

(1)  Special  bolts  shall  conform  to  Federal  Specification 
FF-B-571a.  for  -Bolts;  Muts;  studs;  and  Tap  Rivets  (and  Material  for  Same), 
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coarse  thread  aeries,  with  dimensions  and  fits  as  specified  below  for  the 
respective  applications.   Bolt  diameters  specified  are  those  for  standard 
nuts;  where  special  wrenches  are  required  at  least  two  wrenches  of  each 
size  shall  be  furnished. 

(2)  Bolts  for  Machinery  Connections.  -  Bolts  and  nuts  for 
electrical  machinery  shall  have  Class  2  free  fit.  Where  operating  machin- 


than  the  threaded  portion,  and  the  unthreaded  portion  shall  be  I/16  inch 
to  1/8  inch  shorter  than  the  thickness  of  the  connected  members.  The 

clearance!     ^'^^^'^  '''*°  ^°^^^  ""^^^   *°  P''°''^^^  °'°^°  ^^^^  maximum 

(3>  Turned  bolts  for  structural  connections  shall  be  fin- 

11/  If       .   .Yi^   '""'^  ^^^^^"^   ^^"  ^^^  ^^'^^^^l  «i^^  ^°^  a  rivet  connection 
and  at  least  I/16  inch  larger  than  the  diameter  of  the  threaded  portion. 
The  unthreaded  portion  shall  be  I/16  inch  to  1/8  inch  longer  than  the 
thickness  of  the  connected  members.  Bolt  holes  shall  be  reamed  normal  to 
the  member  during  assembly  to  provide  a  drive  fit  for  the  holts, 
noo^   A  ..    ^^1     Washers  of  not  less  than  1/8  inch  thickness'ahall  be 

lT.t  Tt^%     I   ^^  ^""'^P*  "^^""^   ^°^^^  ^^^  ^P°*  ^^^^-^  «nd  unless  other-   ' 
nJl  ?  I  '^   °''  required.  Cut  washers  shall  be  of  structural  ateel  and 

ogee  washers  of  cast  iron 

(d)  Igldi^. 

(1)  General. 

a.  Unless  otherwise  authorized,  and  excent  for  tempo- 
rary supports  and  the  work  specified  as  miscellaneous  steel  and  metal  wotk 
in  paragraph  7-09.  all  welding  shall  be  done  by  the  electric  arc  method, 
using  a  process  which  shall  exclude  the  atmosphere  from  the  molten  metal, 
and  shall  cor;form  to  the  provisions  of  the  current  specifications  of  the 
Axierican  Welding  Society  applicable  to  the  work  to  be  done,  as  determined 
by  the  contracting  officer,  and  as  further  specified  below.  Welding  oper- 
ators shall  be  qualified,  at  the  expense  of  the  contractor,  as  required 

by  the  specifications  of  either  the  American  Welding  Society,  the  U.  3. 
Navy  Department  Bureau  of  Construction  and  Repair,  or  the  U.  S.  Bureau  of 
Navigation  and  Steamboat  Inspection,  and  the  contractor  shall  certify  by 
name  to  the  contracting  officer  the  welding  operators  so  qualified,  and 
the  code  under  which  qualified.   In  no  case  shall  welding  be  done  when  the 
temperature  of  the  metal  is  below  10  degrees  F.  or  when  inclement  weather 
or  physical  conditions  are  such  as  may,  in  the  opinion  of  the  contracting 
officer,  be  unsuitable  and  impair  the  efficiency  of  the  welder  in  mfeking 
acceptable  welds,  unless  approved  steps  are  taken  to  correct  such  condi- 
tions. 

b.  Inspection,  -  Ttie  inspectors  shall  have  the  right 
to  cut  coupons  from  any  location  in  any  joint  for  testing.  Should  any  two 
coupons  cut  from  the  work  of  any  welder  show  strengths  under  test  less  than 
that  of  the  base  metal,  it  will  be  considered  evidence  of  negligence  or 
incompetence  and  such  welder  shall  be  permanently  removed  from  the  work. 

(2)  Filler  Metal. 

a  .  Unless  otherwise  specified  or  authorized,  all  de- 
posited weld  metal  shall  have  elastic  limits  and  ultimate  tensile  strengths 
not  less  than  those  of  the  respective  metals;  elongation  within  5  percent 
of  that  of  the  base  metal;  and  chemical  composition  similar  to  that  of  the 
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base  metal.  These  propertifls  shall  be  determined  by  testing  in  accordance 
with  the  applicable  provisions  of  the  current  specifications  of  the  Amer- 
ican Welding  Society. 

(b).  Welding  electrodes  and  rods  shall  be  of  type  and 
grade  as  approved  by  the  contracting  officer  and  of  such  chemical  composi- 
tion and  physical  prooerties  as  will  produce  the  characteristics  specified 
above  and  so  adapted  to  the  base  metal  and  thickness  of  parts  to  be  welded 
as  will  insure  effective  penetration  and  an  intimate  uniform  fusion  of  the 
filler  and  base  metals.  The  electrodes  and  coating  shall  conform  in 
dimensions  and  physical  characteristics  to  applicable  provisions  of  the 
current  specifications  of  the  American  Welding  Society.  In  welding  stain- 
less steel,   coluinbium- bearing  welding  rods   shall  be  used. 

(3)  Special  Workmanship  Requirements. 

a.  Welding  Procedure.  -  The  contractor  shall  prepare 
his  own  schedule  of  welding  procedure  for  each  structure  to  be  welded,  and 
shall  submit  the  procedure  to  the  contracting  officer  for  approval.  The 
procedure  shall  be  in  accordance  with  best  modern  standard  welding  prac- 
tice, as  approved  by  the  contracting  officer,  and  shall  be  such  as  to  mini- 
mize locked-up  stresses  and  distortion  of  the  finished  members  of  the 
structure.  No  welding  shall  be  done  on  any  structure  until  the  procedure 
for  that  structure  has  been  approved.  Approval  of  any  procedure,  however, 
will  not  relieve  the  contractor  of  sole  responsibilty  for  its  adequacy 

for  producing  a  finished  structure  meeting  all  requirements  of  theoe  speci- 
fications. 

b.  Welds.  -  A  wandering  or  skip  sequence  of  welding 
shall  be  used  on  all  passes  of  welded  joints.   The  maximum  length  of  bead, 
laid  in  any  one  continuous  or  skip  pass  shall  be  that  which  can  be  laid  with 
one  electrode.  Welds  shall  be  of  type, size  and  dimensions  approved  by 

the  contracting  officer.  Welds  3/8  inch  and  larger  shall  be  made  in  not  less 
than  two  passes;  and  successive  beads  or  layers  shall  be  uniform  in  thick- 
ness. No  electrodes  larger  than  1/4  inch  in  nominal  diameter  shall  be  used 
unless  authorized  by  the  contracting  officer.   In  all  welding,  the  appli- 
cation of  the  first  pass  shall  be  given  special  attention  to  insure  sa- 
tisfactory penetration  and  fusion  of  the  filler  and  base  metals.  Wher- 
ever there  is  danger  of  the  assembled  structure  or  member  becoming  warped 
or  distorted  by  localized  welding  stresses,  the  welds  shall  be  effectively 
stress  relieved. 

c_.   Assembling  Devices  and  Temporary  Connections.  - 
Preparatory  for  welding,  the  assembled  elements  of  member  shall  be  held 
rigidly 'in  position  by  the  use  of  approved  devices  adapted  to  the  purpose, 
and  capable  of  exerting  pressures  requisite  to  remove  local  distortions 
and  compress  the  parts  into  intiiriate  contact  except  where  root  openings 
are  required.   Bolts  may  be  used  for  temporary  connections  provided  that 
the  bolt  holes  are  subsequently  filled  with  sound  weld  metal  in  an  approved 
manner  and  ground  flush  with  adjacent  base  metal,  unless  otherwise  author- 
ized.  Welding  for  temporary  connections  and  bracing  will  be  permitted  po- 
vided  that,  where  such  welded  connection  does  not  form  a  oart  of  a  later 
permanent  connection,  such  weld  metal  shall  be  removed  approximately  flush 
with  adjacent  base  metal  where  so  directed. 

(4)  Flame  cutting  shall  conform  to  the  applicable  provi- 
sions of  the  current  specif icc-tions  of  the  American  Welling  Society,   ^^etal 
cutting  shall  not  be  done  with  electric  arc. 

(e)  Metallic  Coatings,  -  2inc  coatings  shall  be  applied  in  a 
manner  and  of  a  thickness  r-nd     quality  conforming  to  A.55.T.!/.  Specification 
A  123-33  for  "Zinc  (hot  galvanized)  Coatings  on  Structural  Steel  Shapes. 
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Plates,  Bars  and  their  Products."  Sherardizing  and  Cadmium  plating  shall 
have  thickness  and  durability  equal  to  or  greater  than  Zinc  Coating  applied 
as  specified  above. 

(f )  Machining. 

(1)  General.  -  All  tolerances,  allowances  and  gages  for 
metal  fits  shall  conform  to  standards  as  approved  by  the  American  Standards 
Association,  December  I925.  Machine  wbrk  shall  be  done  wherever  an  "f"  or 
any  work  denoting  iixachine  finish  appears  on  the  drawings  and  at  other  pla- 
ces where  necessary.  Where  the  "f"  follows  a  dimension,  both  surfaces 
from  which  it  is  measured  shall  be  machine  finished  so  that  they  will  be 
true  to  the  dimensions  shown.  All  finished  contact  or  bearing  surfaces 
shall  be  true  and  exact  to  secure  full  and  complete  contact.  All  drilled 
holes  for  bolts  shall  be  accurately  located  and  drilled  from  templates. 

(2)  Pin  holes  shall  be  bored  true  to  gages,  smooth  and 
straight  and  at  right  angles  to  the  axis  of  the  member.  The  boring  shall 
be  done  after  the  member  is  securely  fastened  in  position  by  bolts  or 
rivets  as  specified  or  otherwise  required. 

(3)  protection  of  Machined  Surfaces,  -  All  machine  finished 
surfaces  and  threads  shall  be  thoroughly  cleaned  of  foreign  matter  and 
coated  with  a  composition  of  white  lead  and  tallow  or  other  approved 
slushing  grease  for  protection  against  rust. 

(g)  Unfinished  Surfaces.  -  So  far  as  practicable,  all  work  shall 
be  laid  out  to  secure  proper  matching  of  adjoining  unfinished  surfaces. 
Where  there  is  a  large  discrepancy  between  adjoining  unfinished  surfaces, 
they  snail  be  chipped  or  machined  to  secure  proper  alignment.  Unfinished 
surfaces  shall  be  true  to  the  lines  and  dimensions  shown  on  the  drawings 
end  shall  be  chipped  or  ground  free  of  all  projections  and  rough  spots. 
Depressions  or  holes  not  affecting  the  strength  or  usefulness  of  the  parts, 
with  the  approval  of  the  inspector,  may  be  welded. 

7-08.   EJECTION. 

(a)  General.  -  All  bases  for  structural  steel  shall  be  set  and 
wed.-^ed  to  the  lines  and  grades  established  by  the  contracting  officer. 
Columns  and  frames  shall  be  plumbed  and  accurately  aligned  ^"^.°°;^^^^^°°^ 
s'-all  be  accurately  and  securely  fitted  up  before  riveting.  Rivets  driven 
in  the  field  shall  be' heated  and  driven  with  the  same  care  as  though  driven 
in  the  shop,  and  holes  for  turned  bolts  to  be  inserted  in  the  field  shall 
be  reamed  in  the  field,  both  in  accordance  with  the  standard  specifications 
referred  to  in  paragraph  7-07  (a).   All  necessary  fitting,  field  riveting, 
welding,  brazing  and  placing  of  castings,  bearing  pl^"^^^'  ^°^t.?J?i^ '  u^U 
sters.  shoes,  anchor  bolts,  turned  bolts,  and  other  required  fitting  shall 

be  included  in  the  work. 

(b)  Ti^hedded  Items.  -  Provision  shall  be  made  for  the  placement 
of  all  embedded  metal  work  before  concrete  is  placed  or, if  shown  on  the 
drawings  or  directed,  the  contractor  shall  provide  recesses  or  block-outs  in 
the  concrete,  in  which  case  the  metal  work  to  be  embedded  shall  be  installed 
and  grouted  in  place  after  "concrete  has  been  pieced.   Anchor  bolts  shall  be 
installed  when  the  concrete  is  olaced,  unless  otherwise  shown  or  directed. 
Metal  work  to  be  eii.bedded  in  concrete  Shall  be  accurately  placed  and  shall 

be  held  in  correct  position  and  alignment  while  the  concrete  is  being  placed. 
Where  it  is  impracticable  to  place  anchors  or  'anchor  bolts  required  for  the 
installation  of  comperatively  light  metal  accessories  before  the  concrete  is 
placed,,  holes  shall  be  drilled  by  the  contractor  in  the  concrete,  and  lead 
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expansion  anchors  shell  be    installed  as  directei.      'Erection  of  structural 
steel  to  be  embedded  in  concrete   shall   include  removal  of   shop   paint   and 
cleaning  in  accordance  with  Section  XIII, 

(c)     Crane   and   Railroad  Track  Pails.    -  Ail  rails   lor  intake  end 
Jraft  tube  gate  gantries   aad   overhead   cranes   and   for  the   railroad   track   in 
the   powerhouse   shall   be   installed   as   shown  on  the   drawings.   Joints    in  rails 
shall   be   made  with  standard  splice   bar   connections   allowing  the   proper   space 
for  expansion  depending  upon   the  exposure   condition.      Rails   shall   bs   care- 
fully and  accurately  aligned  throughout   their  entire   ieiigth  and  shi:r.;;ieJ   to 
exact  grade,    then  permanently  secured   in  piece  by   bolts  and  grout  or  with 
clips. 

7-09.      AlISCELULTJEOUS   STSEL  AND  :.;STAL  -.VCRK. 

(a)  General.  -  The  contractor  shall  furnish  and  install  all  items 
of  miscellaneous  steel  and  xaetal  work  as  shown  on  tae  drawings,  necessary  to 
complete  the  work,  or  directed  by  the  contracting  officer.  Unless  otherwise 
specified,   all  material   shall  be    in  accordance   wit:    Section  71. 

These   itenis  of  miseellaneous  steel  and  metal  work  include,   but   are  not 
limited  to,   the  following:     steel  door  and  other  fraiiies,    loose   lintels, 
stair  tr:ads,    steel  or  cast  iron   thresholds,    ladder   ru:i^^3,    frr^tir.'7S,    ch'jcker, 
plates,  manhole  covers  and  frames,   curb  and  comer  protection  angles,   eye- 
bolts,    and   all   anchor  bolts  or  anchors   for   the   aforesaii   ite.iis,    or  as  re- 
quired  in  the  construction  of  the  work;   excepting  only  anchor  bolts   to  ^e 
furnished   for  and  with  structural  steel  and   the   anchor  bolts   specified  as 
part  of   the  work  covered   in  other  sections   of  these   specifications. 

Where   specified  or  where  used   on  the   exterior  or   in   locations  subject 
to  more  or   less  continual  dampness  all   parts  such  as   ladder  rungs,   gratings 
and  checker  plate   shall   bv   hot  galvanized  after  fabrication,    if  so  directed. 

(b)  Dopr  Frames.   -  Door  frames  built   of  structural  steel  shapes 
are   included  in  this  section.     The   steel  door  frames  and  rouzh  door  bucks 
shall  be   provided  with  clip  cngles  for  bolting  to  the  floor  and   steel  strap 
ancaors  for  embedment   in  concrete  or  tile  walls.      Anchors  fcr  tile  walls 
shall  bs  adjustable  for   height.      Corners   shall  be  irdtored   end   welded.      Tem- 
porary bracing  shall   be   used   to  prevent   the   frames   from  becoming  sprung   lur- 
ing shipping  and  erection.  '         ° 

(c)  Fiiscellaneous   Fraines.    -  The   contractor  shall   furnish  and    in- 
stall  all  steel  cha.'.nel  and   angle   frames,    corner  guards  and   protection 

angles  necessary  to  complete  the  work  or  as  directed  by  the  contracting  officer. 
Frames  shall  be   provided  with  at   le^st   1/4  by   1-1/2  by  8   inch     strap   an- 
chors not  more   than  24   inches  on  centers. 

(d)  lintels.   -  The   contractor  shall   furnish  all    "loose"   steel   lin- 
tels  over   openings. 

(e)  Ca^t    Trpn  Thr$shgld<?.    -  The  contractor   siall  furr-ish  -ast   iron 
thresnolds  where   indicated   on   the   drawings   or  as  directed    by  the   oont-acf-n.- 
officer.      Thresholds   sh.ll   be   cast   to  standard   dimensions   and  Shanes   the    ^ 
full  widths  of  the   openings   and   shall    be   thoroughly  anchored   to   the  concrete. 
Material  and   surface  finish  for  thresholds  shall   conform  to  the   specif ic-^tions 
for  safety  treads    (Paragraph   (k)  below).  "        " 

f,  ^    .    (^)     C^st   IrQn  Covers.    .   Covers   over  drain  trenches   shall   be    n^de 

o?-'icer  '''o''  f '  'k  'fi:"^'^^  ^"  '''^  drawings  or  directed  by  the  contracting 
of.icer  Castings  shall  be  manufacturer's  standard  pattern  capable  of  safelf 
supporting  a   load   of  5.'0  oounds   per   square   foot.      Cov.rs   shall   b/cas     in 

llZZ^Tlr  "'  ''''''''''   ^^^'°^^^-      '^'^    ^-"  ^^^^^  ^^   as   speJIfi^d    in 
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(g)  T-"'^der  Rungs.  -  Ladder  rungs  to  be  cast  in  concrete  shall  be 
bent  from  wrought  iron  bars.  They  shall  be  carefully  set  in  place  fc  true 
alignment  and  projection  from  the  surface,   brought  iron  shsll  conform  to 
Federal  Specification  qA-I-686a,  -Iron.  Wrought  (Refined);  Bars*  Grade  C 

(h)  Gratings  api  Tr^isteners.  -  Gratings  and  fasteners  shall  con- 
form to  Federal  Specification  RR-G-66la  for]  "Gratings;  Steel,  Floor  (except 
for  Navel  Vessels),"  Type  I,  welded  cross  CTiembers,  black  or  galvanized  as 
specified  or  directed.-  Sides  and  ends  of  gratings  shall  be  finished  with  a 
bar  the  same  size   and  depth  as  the  uain  grating  bars. 

(i)  Gheckered  Plates.  -  Checkered  plates,  where  iodicated  on  the 
drawings,  shall  be  standard  floor  plates  as  rolled  by  the  mills,  with  pro- 
jecting ribs  of  pattern  as  selected  or  approved  by  the  contracting  officer. 

(j)  Manhole  Covers  and  Frames.  -  The  cast  iron  manhole  frames 
and  covers  shall  be  of  nanufacturer 's  standard  patterns,  -and  of  types  and 
sizes  required  or  directed  by  the  contracting  officer.   Cast  iron  shall  be 
as  specified  in  paragraph  6-08. 

(k)  giafetv  Treads.  -  Treads  on  conrete  stairs,  where  shown  on 
drawings  as  C,I.,  shall  conform  in  all  respects  to  Federal  Specification 
Hfi-T-66l,  for  "Treads;  Safety,  ?"etallic."  Type  B  and  Class  6.  Safety  treads 
shall  have  the  mini;:ium  thickness  of  5/l6  inches,  a  nosing  of  not  less  than 
1/4  inch  and  shall  be  of  the  lengths  and  widths  dhown  on  the  drawings. 
Safety  treads  s?iall  have  a  fluted  or  grooved  walking  surface  with  a  slip- 
preventing  and  wear-resisting  abrasive  meterial  embedded  in  it.  Treads  shall 
be  set  flush  with  the  surface  and  shall  be  firmly  anchored. 

(1)  Pipe  Handrail,  -  Pipe  handrailing  shall  be  of  standard  black 
steel  pipe  conforming  to  sub-paragraph  6-15  (a),  of  dij.ensions  and  sizes  as 
indicated  on  the  drawings  or  as  directed  by  the  contracting  officer.   Fit- 
tings shall  be  malleable  iron,  ball  pattern  v/ith  screwed  joints  or  slip 
joints,  pin  connected,  as  required.   The  contract  price  shall  include  the 
attaching  flanges  and  pins. 

(m)  Anchor  Bolts.  -  Under  thi:3  subparagraph,  the  contractor  shall 
furnish  and  set  all  anchor  bolts  (except  those  specified  elsewhere  to  be 
furnished  for  and  set  with  such  parts  as  the  structural  steel  work,  turbines 
governors,  etc.),  required  for  completion  of  the  work.   Bolts  shall  be  pro- 
vided with  sleeves,  washers,  nuts  and  other  items  as  required. 

In  general,  anchor  bolts  shall  be  set  Hhen   the  concrete  is  placed.   If 
necessary,  they  shall  be  set  with  a  template  but  in  all  cases,  they  shall 
be  securely  wired  or  otherwise  fixed  in  place  so  as  not  to  be  moved  out  of 
correct  position  during  placing  of  concrete.   Where  pipe  sleeves  are  used, 
they  shall  be  stopped  with  wood  plugs  or  other  means  to  prevent  the  concrete 
from  filling  the  pipe.  Threads  shall  be  properly  protected  from  damage  st 
all  times. 

(n)  Miscellaneous  Ite.T.s.  -  Ail  other  miscellaneous  iron  and  metal 
work  shO'vn  on  the  drawings  or  required  for  tee  completion  of  the  work  shall 
be  fabricated  and  installed  as  shown  or  directed  using  first-clsss  material 
and  workii;anship  throughout. 

7-10.  liffiASUREMEKT  AND  PAYMENT.  -  Unless  otherwise  specified,  measure- 
meit  for  payment 'for  structural  steel  and  for  miscellaneous  steel  and  metal- 
work  shall  be  on  the  basis  of  fabricated  scale  weights,  excepj  that  no  pay- 
ment shall  be  made  for  weight  in  excess  of  l^.  percent  for  fabricated  shapes, 
bars  and  plates,  end  5  percent  for  castings  and  forgings,  of  the  computed 
weight  as  determined  from  theoretie*-!  dimensions  shown  on  the  drawings  for 
the  individual  items.  Where  it  is  not  practicable,  in  the  opinion  of  the 
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contrecting  officer,  to  obtain  scele  weights,  payment  shall  be  based  or.  com- 
puted weights.   In  computing  weights,  no  allowance  'jvill  be  trade  for  overweight 
tolerances  or  i^rotective  coatings.  Computed  weights  used  as  a  basis  for  pay- 
ment, or  for  checking  scale  weights  of  structural  steel  shell  be  based  on  a 
unit  weight  of  O.283  pounds  per  cubic  inch. 

The  cost  of  all  labor  and  material,  including  anchor  bolts,  required  to 
furnish  and  place  all  structural  steel  as  defined  in  paragraph  7-01  (a),  and 
as  shown  on  the  drawings  or  as  specified  and  directed,  shall  be  included  m 
the  bid  prices  and  made  at  the  contract  unit  prices  per  pound  fort 

1.  "Structural  Steel." 

2.  "Steel  Track  Rails." 

The   cost  of  all   labor  and  material  required  to  furnish  and  place  all 
ivdscellaneous   steel  and  metal  work  shall  be   included   in  the   bid  prices  end 
li.ade  at  the  contract  unit  prices  per  pound  for; 

1.  "Miscellaneous   Black  Steel  and   Metal  Work." 

2.  "Miscellaneous  Galvanized  Steel  and  Metal  Work." 

3.  "Plain  Gratings." 

h'      "Galvanized  Gratings." 

5.  "Safety  Treads  and  Thresholds." 

6.  "Cast   Iron  l!^a.es  and  Covers." 

7.  "Forgings,   Steel." 

8.  "Bronze." 

9.  "Miscellaneous  Non-Ferrous  Metals." 
10.      "Pipe  Handrail." 

Any  metal  work  not   specifically   included   in  a  separate   class  shall   be 
included   in  either   "Miscellaneous  Black  Steel  and  Metalwork"   or   "Miscellan- 
eous Galvanized  Steel   and  Metalwork,"   as  applicable. 

Payment  for  ell  bolts,    nuts,   pins,   washers,   expansion  bolts,  drift 
bolts  and  spikes  3/8  inch  in  diameter  and  over,    anchor  rods  made  from 
structural  steel   or  bolt  steel,   will  be  made  at   the  contract  price  for 
"Forcings;   Steel,"   unless  otherwise   specifically  provided  for.      Brass  will 
be   paid  for  as   "Bronze,"   and  babbitt,    lead,    zinc   and   other  non-ferrous 
metals,    for  which  payrrient   is   not   otherwise   provided  will   be  paid  for  as 
"Miscellaneous  Non-Ferrous  Metals." 
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Specifications:   Barnhart  Island  Powerhouse 


SECTION  VIII  -  ELECTRICAL  WORK 


3-01.   GENERAL. 


(a)  The  conduit  system  for  the  future  electrical  wiring  for  light, 
control,  plant  power  and  communication  uses  shall  be  located  and  installed 

as  shown  on  detailed  drawings  to  be  furnished  at  a  later  date.  Unless  othdr- 
wise  indicated  on  detail  drawings  or  further  specifications,  to  be  furnished 
later,  all  outlet  boxes  shall  be  of  the  malleable  iron,  threaded  type,  and 
all  such  boxes  below  Elevation  170.0  shall  be  of  a  type  that  will  mount 
watertight  fixtures.  Furnishing  and  installing  all  wires  and  fixtures  will 
be  by  others. 

(b)  All  work  shall  be  done  and  completed  in  a  thorough  and  work- 
manlike manner  and  shall  conform  to  the  best  modern  practice  in  this  class 
of  work,  notwithstanding  any  omissions  in  the  specifications  or  drawings. 
All  conduit  and  boxes  shall  be  securely  wired  or  nailed  in  place  so  that 
movement  during  pouring  of  concrete  is  impossible.  Ends  of  metal  conduit 
shall  be  reamed  to  remove  rough  edges  and  burrs.   Joints  between  lengths  of 
conduits,  and  at  entrances  to  switches,  jimction  boxes  and  fittings,  shall 
be  watertight  and  otherwise  tightly  made  to  provide  electrical  continuity 
of  a  given  conduit  system  or  run.  All  threaded  joints  shall  be  made  with 
red  lead  or  similar  substance  and  shall  be  screwed  up  tight  to  make  the  con- 
nection watertight.   No  threadless  fittings  or  running- thread  couplings  shall 
be  used  on  runs  of  standard  conduit.  Any  run  of  conduit  extending  through 

a  construction  joint,  or  changing  from  an  embedded  to  an  open  run,  shall 
extend  not  less  than  the  threaded  length  plus  1  inch  past  the  face-  of  the 
concrete.  All  conduit  bends  shall  have  a  radius  not  less  than  that  of 
standard  factory  bends.  Field  bends  may  be  used  if  of  the  proper  radius 
and  if  carefully  made  with  suitable  tools  so  that  the  conduit  is  not  flattened. 
All  conduit  leaving  the  concrete  shall  be  aligned  at  90  degrees  to  the 
concrete  surface,  except  as  otherwise  shown.   Except  when  working  on  the 
run,  all  conduit  terminations  shall  be  threaded  and  sealed  with  pipe  caps, 
couplings  and  pipe  plugs  or  conduit  bushings  and  metal  discs  to  exclude 
dirt  and  moisture.  Ends  shall  be  sealed  before  concreting  operations  are 
commenced,  and  all  boxes  shall  be  properly  protected  to  prevent  entrance 
of  concrete,  water,  or  other  materials  into  conduit  runs.   Conduit  runs 
shall  be  pitched  to  provide  adequate  drainage. 

(c)  After  the  conduit  is  in  place  and  before  the  concrete  is  poured, 
the  contractor  shall,  in  the  presence  of  the  contracting  officer's  repre- 
sentative, draw  a  mandrel  through  each  run  of  conduit  and,  should  the  mandrel 
fail  to  pass  through,  a  new  bend  or  length  of  conduit  shall  be  installed 

at  the  points  of  obstruction.  Metal  mandrels,  with  hemispherical  ends,  shall 
conform  to  the  following  dimensions: 


Diameter.  Inches     Length.  Inches 


For  3/4"  conduit              "  0.62  1.2i; 

For  1"  conduit  0.78  1.57 

For  l-lA"  conduit  I.03  2.07 

For,  1-1/2"  conduit  1.20  2.ij2 

For '2"  conduit  1.55  3 '10 

For  2-1/2"  conduit  I.85  3*70 

For  3"  conduit  2.30  4.60 


(d)  After  a  system  of  oonduit  is  in  plaoo  and  before  the  con- 
orete  is  poured,  the  contractor  shall  obtain  a  written  order  from  the  oon- 
tracting  officer's  representative  to  the  effect  that  all  oondilt  to  be 
covered  by  the  pour  is  in  place  and  has  passed  the  inspection  as  set  forth 
above,  and  that  pouring  raay  proceed. 

(e)  During  concrete  operations,  extreme  oare  shall  be  exercised 
to  avoid  damage  to  the  conduit  installation. 

(f)  As  soon  as  possible  after  the  concrete  has  set  in  a  given 
pour,  each  conduit  shall  be  cleaned  emd  inspected  for  continuity  and  free- 
dom from  obstructions.   The  oonduit  shall  be  cleaned  by  means  of  a  steel 
wire  flue  brush  of  suitable  dimensions.   A  mandrel  as  specified  above  shall 
then  be  passed  through  the  conduit.   After  removal  of  forms  the  contractor 
shall  oap  or  plug  ail  conduit  ends  not  in  boxes  and  shall  leave  all  boxes 
covered  -vith  temporary  blank  composition  or  metal  covers  fitted  with  gaskets. 

(g)  At  the  completion  of  the  contract  an  inspection  will  be  made 
of  all  boxes  and  oonduit  runs.   The  contractor  shall  again  test  each  section 
of  conduit  with  a  mandrel,  as  specified  above,  in  the  presence  of  the  con- 
tracting officer's  representative,  and  the  contractor  will  be  req^uired  to 
remove  sind  replace  at  ais  own  expense,  any  section  of  conduit  wnich  will  not 
pass  the  mandrel  unless  stopage  in  the  conduit  can  be  cleared  by  methods 
which  meet  the  approval  of  the  contracting  officer's  representative.   Each 
box  which  is  not  set  true  with  the  surface  of  the  concrete  or  which  is  not 
plumb,  shall  be  removed  and  replaced  with  new  boxes  unless  the  defective 
installati.^0  f^an  be  repaired  or  adjusted  to  the  satisfaction  of  the  con- 
tracting officer's  representative. 

8-02.   MATERIALS 

(a)  Rigid  metai  conduit  shall  conform  to  Federal  Specification 
T(nf-C-581a  for  "Conduit j  Steel,  Rigid,  Zino-Coated.'^ 

(b)  Conduit  fittings  shall  be  gaivaniied,  sheradized  or  cadmium 
plated  high  test  gray  iron  or  malleable  iron  castings  of  the  types  and  sizes 
specified  and  indicated  on  the  plans.   They  shall  be  approved  by  the  Na- 
tional Board  of  Fire  Itaderwriters.   Approved  gaskets  shall  be  provided  on  all 
ooodulets. 

(o)  The  materials  specified  ander  this  section  sfiall  be  furnished 
only  as  re  juired  for  the  respective  items  of  work  and  equipment  shown  and/or 
specified. 

3-03;   STANDARD  RULSS  AND  SPECIFICATIONS.  -  Ualess  otherwise  specified, 
all  electrical  materials,  workmanship  and  tests  shall  be  in  conformity  with 
the  current  standard  rules,  regulations  euid  specifications  of  the  followin,-^ 
authorities  t 

(a)  National  Board  of  Fire  Underwriters 
(205  East  Ohio  St.,  Chicago  111.) 

(b)  National  Electrical  Manufacturers  Association 
(420  Lexington  Avenue,  New  York,  N.  Y.) 

(c)  American  Institute  of  Slectrical  Engineers 
03   W.  39th  Street,  New  York,  N.  Y. ) 

(a)   Bureau  of  Standards,  (National  Electrical  Safety  Code), 
(Superintendent  of  Documents,  U.  s.  Qoverment 
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Printing  Office,  Washington,  D.  C) 

8-04.  MEASOREaiSNT  FOR  PAYMENT.  -  Measurement  for  payment  for  conduit, 
fittings  and  boxes  shall  be  based  on  the  nominal  weight  of  the  material 
a-otually  installed  as  shown  on  the  drawings,  not  including  waste,  temporary 
supports,  or  sections  abandoned  or  replaced  at  the  direction  of  the  con- 
tracting officer. 

8-05«   PAYMSflT.  -  The  cost  of  all  plant,  labor  and  material  necessary 
to  furnish,  install  and  test  the  complete  system  of  conduit  runs,  as  speci- 
fied or  directed,  shall  be  included  in  the  contract  unit  prices  per  pound 
for  "Conduit  and  Fittings"  and  "'Outlet  Boxes." 
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Specifications:  Barnhart  Island  Powerhouse 

SECTION  IX 
IIISTALLATIOI]   OF   TORBIKE  SLIBEDDED  PARTS 

9-01.      GE I'£RAL«      5T^e  work  under   this    section  includes  the      installation 
of   all  emTDedded  turbine  parts   and  equipment  to  be   furnished   to    die  Government 
by  the   turbine  manufacturers  under    separate   contracts.      The   contractor    shall 
install    wie    turbine   embedded  parts,  iriiich,  with  the    supporting  jaclcst    tie-rodst 
hold-dovm   turnbuckles  and  piping   as  hereinafter    specified,    and   all   fitting    - 
up  bolts  and  field  rivets  and  bolts,   v.ill   be   furnished  by  the    turbine   manufac- 
turers •     The    contractor   shall   unload  the    equipment   fron   the   cars   and  suitably 
store   and  protect  it  until   ready  to  place    it  in   the  work. 

The  equipment  will  be   assembled,   inspected  for   fit,  marked  and  matc'h- 
marked  to  facilitate    assembly   in  "the   field,    disassembled  as  required  for    ship- 
ment,   and  given  a  priming  coat  of  paint,    before    shipment  from   the    factory. 

The   contractor  shall    furnish  all   labor,    supplies,  bracing  and   supports 
not   specifically   stated  herein  to   be   furnished  by  oth^^rs,    and  equipm.ent  neces- 
sary to   install    the    turbine    embedded  parts   in  a  v;orkmanlike  manner   os   speci- 
fied,  or   directed  by  the   contracting  officer.     Extreme   accuracy  will    be   re- 
quired in  placing  the   equipment.     The    contractor   shall   install   the  work  under 
the    supervision  of  erecting  engineers  representing   the    turbine  manufacturers 
who  rail  be  paid  by   the   Government  and  "who  v;ill   direct  the  proper  erection   of 
the   turbine   embedded  parts. 

The  work  shall   be    done   by  the   contractor    in  accordance   r.lth  the  erecting 
engineers'    directions,    and  the    tolerances   required  in  the  placing  of  parts 
shall  be    as   fixed  by  them.  Temporary  bracing,   ties,    stays   and   supports  r^^- 
quired  for    the   embedded     parts   during  concreting   shall  be   furnished  end  placed 
by  the    contracter   strictly  in  accordance  v.lth  the    directions  of  the  erecting 
engineers. 

Contract  drawings,  specifications,  and  shop  drawings  from  the  turbine  man- 
ufacturers, together  v.lth  their  estimated  v^eights,  are  available  in  the  follow- 
ing offices: 

District  Engineer  Massena,  Hew  York 

Chief  of  Engineers  T/ashington,  D.   C. 

9-02.  DELIVERY.  The  turbine  parts  and  piping  to  be  installed  under  this 
contract  are  to  be  built,  and  it  is  estimated  that  they  v/ill  be  shipned  by  the 
turbine  manufacturers,   on  or    about  -tiie   follov-'ing   dates: 
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Wfl1n  Tlnit 
(67.100  HP) 

House  Uai-t 

(9»000  HP) 

lh«- 

— 

lbs. 

lbs. 

lbs. 

_„„ 

lbs. 

lbs. 

_ 

lbs. 

lbs. 

lbs. 

lbs. 

__ 

lbs. 

lbs. 

„»«, 

lbs. 

lbs. 

lbs. 

In  the  event  that  these   parts  are  not   shipped  on  or  before   the   above   dates* 
and  the   contractor's   schedule   of  operations  is  delayed  thereby,    additional 
time   in  which   to  complete  work  under  this   contract  -will  be  allowed  as   specified 
in  paragraph  1-2?. 

9-03,     TWEIGHTS.      iho    approximate   -weights  of  the   turbine  parts  as   stated 
by  the    turbine  manufacturers   are   listed  belov;   for   the    information  of  the   con- 
tractor,  but  the  Government  will  not  be  held  liable    for  any  claims  or   damage 
due   to   changes  in  the  weights   as  finally  ascertained: 

TtfiTn 

Heaviest  embedded  piece   to  be   handled 
in   substructure   construction 

Scroll  Case 
Pit  Liner 
Draft  Tube  Liner 
Discharge  Ring 
Bottom  Plate 
Speed  Ring 
Embedded  Piping 

9-04.     ASSEMBLY   Al'ID  PLACING*  * 

(a)  General.  The  power  plant  rate  of  construction  -  shall  be  such 
that  the  placing  of  turbine  parts  snail  follow  their  delivery  as  closely  as 
practicable. 

The   supporting  jacks*   tie-rods  with  turnbuckles   and  anchor   bolts  for 
setting   and  aligning   the  turbine  embedded  parts,  v/ill  be   furnished  by  the   tur- 
bine manufacturers. 

The    contractor    shall    furnish  all      jacking  pedestals  required  for   the 
erection  of   the  equipment.     Pedestals   diall  be   of  ample    strength  to   support 
the  -wdight  and  of  proper^  size   for   their  particular  use. 

Anchor  loops  of   reinforcing    steel  to  which  the    tie-rods  will   be    attached 
shall   be   furnished  and  installed  by  the   contractor,    and  v/ill  be  paid  for   as 
•Reinforcing  Steel*,    as    specified   in  paragraph  5-14  (i). 

(b)  Erection  of  Steel  Plate  Work. 

(1)  General.     Ail  erectlott  and  field  riveting   and  welding  of 
the    scroll  cases,   pit  liners   and  draft  tube    liners   shall  be    in    accordance 
with   the  best  modern  practice. 

(2)  Rivets.  Rivets  for  the  scroll  case  and  penstock  extension 
for  the  9,000  hp  turbine  shall  have  button  heads  on  exterior  and  cone  (or 
steeple)  heads  on  interior  of  pipe.  Other  rivets  may  be  cone  or.  button  heads. 
Rivets  shall  be  hot  driven  with  pressure  tools  and  in  no  case  will  hand  driv- 
ing be  permitted.  Rivets  1-i  inch  and  larger  shall  be  tdouble-gunne.d",  using 
either  a  riveter  or  an  air  jam  for  backing-up  purposes.  Rivets  shall  be  free 
from   slag   and   adhesive   materials,    and   shall   have   heads   of   approved  shape,  full 

size   and  concentric  with   stiank.     ?/hen    driven,   rivets   shall  completely  fill   the 
holes  and  be   neat  and   finished.     Recupping  or   caulking  will  not  be   permitted. 
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•  012" 

.02i^" 

.01 2" 

.020« 

.012" 

.020" 

Drifting  or  oversize   reaming   to   enlarge   unfair  holes  -will  not  be   allowed. 
Loosei   burned  or  otherwise   defective  rivets   shell   be    cut  out,   or   drilled  out 
if  necessary*   in  the   opinion  of  the  contracting  office,   and  replaced.     Rivets 
shall    be   uniformly  heated  to   a  light  cherry  red  heat  in   an  approved  oil,    gas 
or  electric  furnace. 

Tolerance   for   body  diameter  of  rivets   shall   be   -nithin  the  followi'^g  limits. 

Diameter  of  Rivet  Plus  Minus 

~IT^ 

1" 

7/8" 

(3)     Welding.     Welding  shall    conform  to   the   provisions  of  par- 
agraph 7-07 (d). 

(c)     Placing  Concrete   and  Grout,     Holes  will  be  provided   in   the   speed 
rings  to  facilitate   placing  concrete   underneath  them.     Tapped  holes   ore   also 
provided  in  the    speed  rings  and  where   required  in  the   upper   faces  of  -the    dis- 
charge  rings   for   the  pressure    gro'  ting.     The   contractor   shall   place   iiie    con- 
crete  and  grout,    in  accordance  with  details  thereof  in  Section  V,   and  as   di- 
rected by  the    contracting  officer.     The    contractor    shall   place    the   cover  plates 
in   the    concreting  holes  and  weld  them   shut  and  he    shall  place   the   plugs   in   the 
grout  holes  and  grind  anooth.     Cover  plates  and  plugs  for  grout  holes  are   to 
be   furnished  by  the   turbine  manufacturers. 

9-05.     PIPING,     ^e   turbine  manufacturers  will   furnish   and  this  contrac- 
tor  shall  place    (a)    the  v/ater  piping  from  the  outlets  on   the   underside   of  the 
speed  rings  to   tho    discharge  rings    (for  lubricationg  the   lower  seal   rings), 
and  (b)   the    drain  piping  froim  the   underside   of  the   speed  rings   to   the    draft 
tubes   (for   the   eductor    drains  from  the  head  covers). 

All  pipe  before  being  encased  in  concrete  shall  be  tested 
with  compressed  air  and  soap  solution,  or  as  directed  by  the  contracting  offi- 
cer,  and  made   tight. 

The   turbine  manufacturers  will   furnish  piezometer  connec- 
tions at   the    scroll   case   of  the  house  unit.     Piping  therefrom  shall   be    installed 
as  part     of  the  -work  included   in  Section  XI,    Piping. 

9-06.  PAYMENT.  The  cost  of  all  plant,  labor  and  materials  (except  those 
specified  to  be  furnished  by  the  Government)  required  to  assemble  and  place 
the  embedded  turbine  parts  and  piping  described  in  paragraphs  9-01  to  9-05» 
including  unloading,  hauling,  storing,  handling,  assembling  and  installing, 
as  specified  or  directed,  shall  be  included  in  the  contract  price,  per  ton, 
for  "Turbine  Embedded  Parts,   Installation". 

The   cost  of  placing  concrete   and  poured  or  pressure  grout 
under   and  around    the    embedded  parts    shall   be    included   in   the    applicable    con- 
tract price   in   Section  V    (for  grouting    ase  paragraph  5-18 (g),    5-19  and  5-20). 
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Specifications  :  Barnhart  Island  Powerhouse 

SECTION  X  -  INSTALLATION  OF  GATES,  CRANES  AND  HOISTS 

10-01.  REQUIREMENT. 

(a)  The  contractor  shall,  as  required,  unload,  check,  store,  in- 
stall, adjust,  paint  and  test  the  following  items: 

4-  Main  powerhouse  cranes  of  30O  tons  capacity- 
each. 

3-  Overhead  traveling  cranes  in  the  downstream 
erection  bays,  200  tons  capacity  each. 

2-  Draft  tube  stop  log  gantry  cranes,  10  tons 
capacity  each. 

2-  Intake-gate  gantry  cranes,  75  tons  capacity 
each. 

108-  Sets  of  intake  service  gates  with  guides, 
sills  and  fixed  hoists,  for  the  main  units. 

2-  Sets  of  Intake  service  gates  with  guides, 
sills  and  fixed  hoists,  for  the  house  units. 

168-  Intake  stop  logs,  for  four  unita. 

108-  Sets  intake  trash  racks ^  for  the  main  units. 

2-  Sets  intake  trash  racks,  for  the  house  units. 

3-  Sets  of  emergency  trash  racks.   (Not  to  be 
installed) 

36-  Draft  tube  stop  logs  for  four  units. 

196-  Construction  (draft  tube)  stop  logs,  for  32 
main  and  2  house  units. 

4-  75-foot  ice  gates  and  fixed  hoists. 

4-  Sets  75-foot  ice  gate  guides  and  sills. 

2-  50-foot  ice  gates  and  fixed  hoists. 

2-  Sets  50-foot  ice  gate  guides  and  sills. 

1-  Set  75-foot  ice  ate  stop  logs. 

4-  Sets  75-foot  ice  gate  stop  log  guides  and  sills. 
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1-  Set  ^O-^oo't  ice  gate  stop  logs 

2-  Sets  50-foot  ice  gate  stop  log  guides  and  sills. 

(b)  The  material  and  equipment  to  be  erected,  except  as  noted 
below,  will  be  furnished  by  the  Government  delivered  on  cars,  f.o.b.  site. 
These  parts  will  include  the  major  pieces  of  equipment  as  listed,  together 
with  their  structural  steel  guides,  sills,  heating  ducts,  dogging  equip- 
ment, .lifting  beams,  crane  collector  bars  and  supports,  castings,  bearing 
plates,  anchor  bolts,  machine  bolts,  field  rivets  and  belts,  and  other  re^ 
quired  fittings.  The  contractor  shall  furnish  the  construction  plant  and 
all  field  paint,  grease,  welding  rods,  tools,  a-opliances  and  any  other 
items  incidental  to  handling,  storing,  erecting,  painting  and  testing. 

(c)  The  various  parts  will  be  completely  fabricated  in  the  man- 
ufacturers' shops  irsofar  as  econoirically  feasible  as  determined  by  the 
contracting  officer.  All  parts  will  be  oompleteiy  siiop  assembled  and  in- 
spected for  fit.  The  rivet  and  turned  bolt  holes  will  be  reamed  to  full 
size  and  exact  match,  and  the  parts  will  then  be  disassembled,  marked  and 
match-narked.  Small  parts  will  be  bozed  and  marked. 

10-02.  DRAWINGS.-  The  general  arrangement  of  the  material  and  equip- 
ment to  be  erected  is  shown  on  the  drawings.   Complete  erection  drawings 
will  be  furnished  the  contractor  by  the  contracting  officer. 

IO-O3.   WEIGHTS.  -  The  approximate  estimated  weights  of  the  various 
parts  are  listed  below  for  the  information  of  the  contractor,  but  the  Govern- 
ment will  not  be  held  liable  for  any  claims  or  damage  due  tc  chanf^es  in  the 
weights  as  finally  ascertained- 

Net  Weight  for    Heaviest  part 
Each  Unit,  in     to  be  Handled, 
Items  Pounds  in  Pounds 

Powerhcuse  crane  600,000         120,000 

Erection  bay  crane  200,000  30,000 

Draft  tube  stop  log  gantry  crane  30,000  10,000 

Intake  eSte  gantry  crane  200,000  60,000 

Intake  service  gate  with  guides  and 

sill,  main  units  185,000  35*000 

Intake  service  gate  with  ^ides  and 

sill,  house  units 
Intake  service  gate  hoist 
Intake  stop  logs 
Trash  racks,  main  units 
Trash  racks,  house  units 
Trash  racks,  emergency 
Draft  tube  stop  logs 
Temporary  draft  tube  stop  logs 
75-foot  ice  gate 

75-foot  ice  gate  guides  and  sill 
50- foot  ice  gate 
50-foot  ice  gate  guides  and  sill 
75- foot  ice  gate  stop  logs 
75- foot  ice  gate  stop  log  guides  and 

sill 
50-foot  ice  gate  stop  logs 
50-foot  ice  gate  stop  log  guides  and 

sill  30,000  10,000 
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80,000 

35.000 

15,00c 

15,000 

7,50c 

7,500 

70 „ooc 

23.30c 

25,00c 

25,000 

70,000 

23.300 

20,000 

20,000 

14.250 

14.250 

500,00c 

200,000 

70 , ooc 

10,000 

275,000 

110,000 

60, ooc 

10,000 

80,000 

80 , 000 

35.  coo 

10,000 

40,000 

40,000 

10-04-  DELIVERY.  -  The  various  parts  to  be  instr-^  1  under  this  con- 
tract will  be  delivered  in  advance  of  the  probable  daot  of  their  incorpora- 
tion into  the  work.  In  the  event  that  the  parts  are  not  shipped  at  a  suf- 
ficiently early  date,  the  time  established  for  completion  of  this  contract 
will  be  extended  by  an  amount  equal  to  the  actual  delay  in  construction  of 
the  work  caused  by  the  delayed  shipment,  as  determined  by  the  contracting 
officer. 

10-05.   UNLOADING  AM)  HAI^DLING.  -  All  material  and  equipment  shall  be 
carefully  handled  during  unloading  and  placing  in  final  position  so  that 
no  parts  will  be  bent,  broken  or  otherwise  damaged.   Hammering  or  wedging 
that  will  distort  or  injure  the  members  will  not  be  permitted,  and  members 
shall  not  be  overstressed  during  the  process  of  unloading,  handling  and 
erection.   The  contractor  shall  unload  all  material  promptly  upon  arrival  at 
the  site,  otherwise  he  shall  be  responsible  for  demurrage  changes  and/or 
damages.  He  shall  check  all  material  turned  over  to  him  against  shipping 
lists  and  report  any  shortage  or  damage  as  specified  in  paragraph  1-10 (f). 
If  the  sequence  of  operations  requires  it,  he  shall  store  all  material  under 
cover  and  protect  it  from  the  elements  until  it  is  placed  in  final  position. 

10-06.   TEMPORARY  POWER.  -  Temporary  electric  power  of  the  proper  charac- 
teristics shall  be  supplied  to  the  various  crane  feeders  and  hoist  control 
boards  as  specified  in  Section  I. 

10-07.  USE  DURING  CONSTRUCTION.  .  The  contractor  will  be  permitted  to 
use  all  equipment,  except  powerhouse  cranes  (see  below),  that  are  installed 
under  this  section  in  doing  any  work  for  which  such  equipment  is  suitable 
on  the  condition  that  he  provide  competent  operators  and  proper  care  for 
the  equipment  until  the  completion  of  the  contract.   Before  the  final  pay- 
ment is  made,  the  contractor  shall  (if  so  ordered  by  the  contracting  officer) 
re-paint  and  re-test  any  or  all  pieces  of  equipment  so  used,  and  he  shall 
make  good  any  damage  that  may  have  resulted  from  the  contractor's  use  there- 
of. 

The  powerhouse  cranes  will  be  operated  by  the  Government  (after  accept- 
ance), to  facilitate  erection  of  the  turbines  and  generators  under  other 
contracts.  The  Government  will  also  provide  such  crane  service  to  this  con- 
tractor and  his  subcontractors  when  necessary  to  move  loads  of  2,000  pounds 
and  upward. 

10-08.  RIVETING  AND  WELDING.  -  Where  riveting  or  welding  of  parts  is 
required  in  the  field,  such  work  shall  be  done  in  accordance  with  the  specifi- 
cations therefor  in  Section  VII  where  applicable.   No  riveting  or  welding  will 
be  required  on  trash  racks,  gates,  stop  logs  or  crane  lifting  beams. 

The  sills  for  the  75-foot  ice  sluice  stop  logs  and  the  gate  seal  plates 
may  be  delivered  in  two  parts  and  they  shall  be  accurately  aligned  and  welded 
together  within  the  tolerances  directed  by  the  contracting  officer  and  with 
the  seal  faces  ground  smooth. 

Corrosion-resisting  steel  shall  be  welded  in  accordance  with  the  best 
modern  technique  using  columbium  bearing  welding  rods  and  all  welds  shall 
be  ground  smooth.  The  welds  on  the  heater  chambers  shall  be  watertight. 

10-09.   INSTALLATION  OF  EHBEDDED  PARTS,  -  All  embedded  parts  such  as 
guides,  sills,  heating  ducts  and  anchor  bolts  not  furnished  as  part  of  the 
work  covered  in  Section  VII  as  structural  steel,  shall  be  set  accurately  to 
line  and  grade  and  securely  held  in  place  during  concreting  operations. 


10-3 


Templates  shall  be  used  for  setting  anchor  bolts   if  necessary.     Guides  and 
guard  angles  may  be   installed  when   the  concrete   is  placed  or  may  be  concreted 
into  dovetail  recesses   left  .for  them»   but  in  any  case  the  members,   after 
embedment  in   the  concrete,  must  confoiTn  to  the   tolerances  established.      The 
cost  of  additional  forms  to  form  recesses  for  these  members  and  the  extra 
cost  of  placing  concrete  or  grout  separately  from  the  principal  pour  will 
not  be  paid  for  as  a  separate   item  but  shall  be   included   in   the  unit  con- 
tract price  for  placing  guides,  etc.,  when  such  procedure  is  elected  by  the 
contractor.     Recesses  shall  be   left  in   the  concrete  for  the   installation  of 
the  guides  for  intake  service  gates  and  for  all  sills,  as  shown  on   the 
drawings.     These  members  shall  be  carefully  aligned  and  then  caacreted  or 
grouted  into  place.     (See  paragraph  5-19 • )     Embedded  parts  shall  be  set 
carefully  and  accurately  to  the  lines  and  elevations  within  tolerances 
directed  by  the  contracting  officer, 

lO-lO.        INTAEE  SERVICE  GATES.   -  The  intake  service  gates  will  be  wheeled 
gates,   of  structural  steel  and  built  in  three  sections,   to  be  bolted  together 
at  the  site.     The  gates  will  be  equipped  with  rubber  belt  seals,    •one-shot" 
greasing  systems,   locking  dogs  and  fixed  gate  hoists.     Splices  in  gates 
shall  be  bolted  with  tension  and  shear  bolts  for  easy  dismantling  and  the 
joints  shall  be  made  watertight  with  gaskets  or  bituminous  material  as 
directed  by  the  contracting  officer.     The  bolts   in  these  splices  will  be  turned 
bolts  fitted  into  holes  reamed  in  shop  assembly  and  the  contractor  shall 
align  the  parts  accurately,   using  at  least  four  dowel  pins  at  each  splice. 
Grease  piping  shall  be  installed  and  secured  in  place  across   the  splices 
and  the  wheel  bearings  shall  be  filled  with  grease.     The  rubber  belt  seals 
shall  be  fitted  in  place  to  form  watertight  joints.     After  all  sections  are 
spliced,   the  lifting  devices  shall  be  connected  to  the  gate  hoist  for  normal 
operation.     Under  no  circumstances  shall  the  gates  be  laid  flat  or  tilted 
out  of  a  vertical  plane  while  the  sections  are  coupled  together.     After 
final  assembly,   lines  through  the  center  of  the  wheel  treads  at  each  end  of 
any  gate  shall  be  in  the  same  plane  and  parallel  to  each  other. 

Dogs  and  operating  devices  which  are  required  for  ail  intake  service 
gates  will  be  shop  fabricated  insofar  as  possible  and  they  shall  be  installed 
by  this  contractor  as  directed  by  the  contracting  officer, 

10-11,     SERVICE  GATE  H0IS1S.    -  The  service  gate  hoists   including  cables, 
control  boards  and  all  other  parts  shall  be   installed  under  this  heading, 
except  that  all  required  grouting  shall  be  done  as  specified  in  paragraph 
5-19. 

10-12,     ICE  GATES.   -  The  ice  gates  will  be  of  the  fixed-wheel  type  and 
will  be  installed  by  the  intake  gantry  cranes  and  operated  thereafter  by 
fixed  hoists.      It   is  intended  that   they  will  be  fabricated  and  shipped  in 
three  sections  each  and  that  the  horizontal  field  splices  will  be  made  with 
turned  bolts   in  holes  reamed  in  shop  assembly.     The  provisions   of  paragraph 
10-10  for  installation  of   the  service  gates  shall  apply  also  to  the   ice 
gates, 

10-13 .     TRASH  RACES.   -  The   trash  racks  will  consist  of  steel  bars 
attached  to  a  structural  steel  frame,  delivered   in  completely  fabricated 
sections.     The  emergency  trash  racks  shall  be  placed  in  storage. 

10-14.      INTAKE  AND  ICE  GATE  AND  DRAFT  TUBE  STOP  LOGS.   -   The   intake   ice 
gate  and  draft  tube  stop  logs  will  be  built  in  sections  with  wood  contact 
faces  between  sections.     They  will  be  shipped  ccrapletely  assembled  and  shall 
be   installed  in   the  guides  as  directed  by  the  contracting  officer. 

10-15.     roATT  TUBE  CONSTRUCTION  STOP  LOGS.    -  Draft  tube  construction 
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stop  logs  will  be  wood  faced,  steel  frames  delivered  con^jletely  assembled 
in  sections,  and  shall  be  installed  in  the  slots  or  steles  as  required* 

10-16,  CRANES,  LIFTING  BEAMS  AND  COUJSCTOR  BARS.  -  The  gantry  and  over- 
head cranes  with  lifting  beams  shall  be  installed  on  the  runaways  and  the 
collector  bars  shall  be  placed  in  the  proper  position  in  slots  prorided. 
The  contractor  shall  adhere  to  the  best  modern  practice  and  workmanship 
in  the  erection  of  cranes,  lifting  beams,  and  collector  bars  and  shall  place 
all  of  his  men  working  on  the  erection  and  testing,  under  the  supervision 
and  direction  of  the  erection  engineers  furnished  by  the  crane  manufacturers. 
The  services  of  the  erection  engineers  will  be  paid  for  by  the  crane  manu- 
facturers* Crane  lifting  beaios  will  be  ccoipletely  fabricated  in  the  shop* 

IO-I7.  TESTS,  «  After  installation,  all  parts  requiring  lubrication 
shall  be  greased  with  the  proper  type  of  lubricant  as  specified  in  para- 
graph 6-22*  The  centralized  wheel  greasing  systems  in  all  intake  service 
gates  and  ice  gates  shall  be  checked  and  the  wheel  bearings  filled  with 
grease,  using  the  portable  grease  pump  furnished  with  the  gates.  All  lubri- 
cants required  shall  be  furnished  by  the  contractor* 

The  gates  shall  be  lowered  into  the  slots  and  each  ^te  tested  by 
raising  and  lowering  it  several  times  throu^out  its  full  range*  The  dogging 
devices  shall  be  tested  by  the  operation  of  dogging  each  gate.  Tests  shall 
be  repeated  and  necessary  adjustments  made  in  the  gates,  dogging  assemblies 
and  guides  until  the  operation  of  all  equipment  is  satisfactory  to  the  con- 
tracting officer*  After  completion  of  tests,  the  intake  service  gates,  ice 
gates,  and  trash  racks  shall  be  lowered  to  their  normal  positions  and  all 
stop  logs  stored  as  directed  by  the;  contracting  officer. 

Field  tests  of  the  coxpleted  cranes  and  lifting  beams  shall  be  performed 
by  the  contractor,  as  directed  by  the  contracting  officer.  Tests  shall  in- 
clude the  normal  functions  for  which  the  cranes  and  lifting  beair.s  are  de- 
signed* The  cranes  shall  raise,  lower,  hold  in  any  position  and  transport 
on  the  runways  at  the  specified  speeds,  test  loads  252  in  excess  of  their 
rated  capacities  and  shall  be  operated  far  enough  in  each  direction  to  test 
the  operation  of  the  limit  switches. 

10-18.  MEASUREMENT  AND  PAYMENT.  .  Measurement  for  payment  will  be 
based  on  weights  shown  on  the  bills  of  lading  for  the  material  delivered  and 
no  addition  will  be  made  for  the  weight  of  field  paint ,  field  welds  or  tem- 
porary members  supplied  by  this  contractor  to  hold  pieces  in  alignment  dtiring 
construction*  The  cost  of  all  labor,  plant  and  material  (except  material 
furnished  by  the  Government)  reqtiired  to  unload,  store,  transport,  erect  and 
test  all  parts  as  specified  herein  shall  be  included  in  the  contract  unit 
price  fort 

(a)  ■Installing  Guides,  Sills  and  Embedded  Parts,"  per  ton 

(b)  "Installing  Gates,  Stop  Logs,  Racks  and  Gate  Hoists,"  per  ton 

(c)  "Poured  Grout,"  per  cubic  foot*  (See  also  paragraph  5-1 9») 

(d)  "Installing  Gantry  Cranes,"  per  ton 

(e)  "installing  Overhead  Cranes,"  per  ton* 
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Specifications;  Bamhart  Island  Powerhouse 

SECTION  XI 

PIPING 

11-01.  GENERAL.  -  The  contractor  shall  furnish  and  insteill  all 
metallic  pipe,  fittings,  valves,  sleeves,  floor  and  roof  drains  and 
other  similar  items  which  are  embedded  in  the  concrete  and  other  items 
associated  therewith,  as  shown  on  detail  drawings  to  be  furnished  at 
a  later  date,  or  as  directed  by  the  contracting  officer.  This  section 
does  not  include  grout  pipes,  sleeves  for  pipe  handrail  or  pipe  handrail, 
pipe  used  as  temporary  supports  for  other  parts,  electric  conduit,  or 
any  items  included  elsewhere  in  these  specifications.  The  fut^xre 
drawings  will  indicate  pumps,  large  valves  and  other  items  of  plum,bing 
equipment,  but  such  parts  are  not  a  part  of  the  work  under  this  contract 
unless  their  installation  is  necessary  before  removal  of  the  cofferdams 
or  unless  specifically  mentioned  herein.  Where  such  special  items  are 
shown  partially  embedded  in  the  concreted,  recesses  shall  be  left  for 
their  installation  under  another  contract. 

11-02.  MATERIAL.  - 

(a)  pipe  and  fittings  shall  ccnfoiro  to  the  provisions  of 
Section  VI  as  applicable. 

(b)  Gate  Valves.  Gate  valves  shall  be  of  solid  wedge  pattern, 
with  brass  or  bronze  disk  and  double  seat,  and  shall  confoim  to  Federal 
Specification  WW-V-76b  for  "Valves,  C-ate;  125  Pound,  Threaded  and 
Fleinged  (For  Land  Use)",  Type  I,  All  valves  shall  be  packed  for  their 
particular  service  and  shall  be  125  pound  gate  valves  unless  otherwise 
specified  or  noted.  Valves  2  inches  and  less  shall  be  brass  body. 
Composition  A  or  B,  with  non-rising  stem;  2-1/2  inches  and  over 

shall  have  cast  iron  body,  outside  screw  and  yoke  pattern  except  as 
otherwise  noted  on  the  drawings. 

(c)  Globe  Valves.  Globe  valves  shall  conform  to  Federal 
Specification  WW-V-51  f^"""  *Valves,  Brass  or  Bronze;  Angle  and  Globe, 
150-pound,  Threaded  and  Flanged  (For  Land  Use)",  Type  2,  Globe,  Composition 
1  or  B. 

(d)  Inserts  for  pipe  hangers  and  similar  uses  shall  be  cast 
iron  threaded  concrete  inserts  similar  and  at  least  equal  to  Grinnel 
No.  151. 

(e)  Miscellaneous  Material.  Where  materials  are  shown  on 
the  drawings  but  are  not  specifically  covered  herein  by  detail  specifi-^ 
cations, the  contractor  shall  fuiT.ish  high-class  commercial  grades  of 
materials  or  articles  that  are  satisfactory  to  the  contracting  officer. 

11-03.  WORtJ'.lANbHIP.  - 

(a)  The  contractor  shall  install  all  the  ?;oiic  in  a  first 
class  manner'.  Pipe  and  other  parts  embedded  in  concrete  shall  be  held 
in  place  securely  to  avoid  displacement  during  pouring.  In  general, 
the  contractor  shall  locate  and  set  sleeves,  inserts  and  similar  parts 
necessary  to  conplete  the  various  systems  under  another  contract  when 
such  work  is  directed  by  the  contracting  officer.  Ends  of  pipe  shall  be 
plugged  or  capped  at  completion  of  the  work  or  at  other  tines,  as  directed, 
to  prevent  clogging. 
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(b)  Pipe  shall  be  laid  accurately  to  line  and  grade  without 
traps,  and  lines  shall  be  pitched  to  drain  as  directed. 

(c)  All  piping  shall  be  erected  using  unions  located  so 
that  piping  can  be  removed  for  repair  or  replacement  without  removing 
an  excess  amount  of  piping.  The  contractor  shall  make  adequate 
provision  for  expansion  and  contraction  of  piping. 

(d)  All  pipes  shall  be  supported  at  intervals  not  to 
exceed  ten  feet  for  2  inch  pipe  and  larger,  and  not  to  exceed  fifteen 
feet  for  smaller  sizes.  All  hangers  shall  be  set  to  clear  electrical 
fixtures  by  at  least  12  inches.  Hfhere  three  or  more  pipes  run  parallel 
and  pitch  in  the  same  direction,  bar  hangers  shall  be  used.  In  general, 
all  hangers  and  supports  shall  be  properly  designed  and  adapted  for 
their  particular  use;  light  or  inadequate  members  such  as  wire, 
perforated  strap  hangers  or  wood  posts  will  not  be  permitted  except 
where  light  metal  ties  are  used  to  hold  pipe  in  place  during  concreting. 

(e)  The  contracting  officer  reserves  the  right  to  rearrange 
the  piping  systems,  or  to  make  minor  changes  in  the  location  of  piping, 
such  as  re-alignment  necessary  to  clear  important  conduit  runs  or 

other  unforseen  obstructions,  without  change  in  the  unit  contract  prices. 

(f)  All  threads  on  pipes  are  to  be  cut  time  and  clean  and 
screwed  up  tight  in  fittings,  using  red  lead  and  oil  or  other  approved 
pipe  joint  cement.  All  joints  in  bell  and  spigot  cast  iron  pipe  are 

to  be  made  up  with  oakum  and  lead,  caulked  tight,  except  that  joints  in 
Dariron  pipe  shall  be  made  in  accordance  with  the  manufacturer's  rec- 
ommendations. Flanged  joints  shall  be  brought  up  tight  using  approved 
asbestos  composition  gaskets.  Crane  Company  "Cranite",  or  equal. 
Glyptal  (red)  or  equal  shall  be  used  on  joints  in  oil  piping.  Joints 
in  copper  tubing  shall  be  made  according  to  methods  recommended  by 
the  manufacturer  of  the  pipe  or  fittings.  Wh^re  the  type  of  pipe 
changes  (as  from  flanged  to  bell  and  spigot),  approved  adaptors  or 
transition  sections  shall  be  used. 

(g)  All  pipes  shall  be  cut  accurately  to  measurements 
established  at  the  structure  by  the  contractor.  All  threaded  pipe  shall 
be  reamed  after  cutting  and  before  threading  to  remove  all  burrs.  All 
pipes  shall  be  installed  in  a  neat  and  workmanlike  manner.  To  perform 
this  work,  the  contractor  shall  install  at  the  site  a  pipe  threading 
and  cutting  machine  capable  of  handling  the  largest  size  of  screwed 
pipe  specified.  He  shal-  also  provide  a  complete  set  of  plug  and 

ring  gages. 

11-04.  PIPE  LAID  IN  TRENCHES.  -  All  water,  oil  and  air  piping 
buried  in  trenches  shall  be  black  wrought  iron  pipe,  with  galvanized 
malleable  iron  fittings.  All  such  pipe  used  for  oil  lines  shall  be 
pickled.  The  outside  of  the  pipe  and  fittings  shall  be  protected, 
after  placing,  with  two  heavy  coats  of  asphalt  paint. 

11-05.  WATER  LINES.  -  All  cold  water  piping  for  raw  and  treated 
water  and  fire  lines,  where  exposed,  shall  be  wrought  iron  pipe. 
Fittings  in  sizes  3  inches  and  less  shall  be  screwed  malleable  iron; 
over  3  inches  they  shall  be  cast  iron  flanged  fittings.  Pipe  under 
6  inches  which  is  embedded  in  the  concrete,  or  otherwise  inaccessible, 
shall  be  black  steel  with  fittings  as  specified  for  the  like  sizes 
of  exposed  piping.  Embedded  pipe  and  fittings  6  inches  and  larger  shall 
be  cast  iron  bell  and  spigotl 

All  hot  7/ater  and  drinlcin.a;  water  piping  shall  be  copper 
tubing.  Type  L,  V7ith  brass  or  copper  solder  fittings  and  brass  gate 
V&lves. 
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11-06.  SAMITAEY  WASTE  AND  VENTS. 

(a)  Plujabing  Drains.  -  All  plumbing  drains  embedded  in 
concrete  or  otherwise  inacessible  and  exposed  lines  4  inches  and 
larger  shall  be  cast  iron  bell  and  spigot  pipe  and  fittings.  Exposed 
lines  3  inches  and  less  shall  be  galvanized  steel  pipe  with  cast  iron 
screwed  drainage  pattern  fittings  and  screwed,  galvanized  malleable  iron 
unions* 

(b)  Cleanouts.  An  adequate  number  of  cleanouts,  the  full 
size  of  the  pipe,  sliall  be  located  in  accessible  places  as  directed 

by  the  contracting  officer.  They  shall  conform  to  the  Federal  Specifi- 
cation cited  in  paragraph  6-17  (d),  with  raised  or  countersunk  head 
depending  upon  location,  iron  body  ferrules  and  screwed  brass  plugs, 

(c)  Plumbing  Vents  shall  be  black  steel  pipe  with  malleable 
iron,  screwed  fittings  except  that  pipe  and  fittings  embedded  in  con- 
crete or  otherwise  inaccessible  and  all  unions  shall  be  galvanized, 

11-07.  UIWATERING  SYSTE.I.   All  pipe  and  fittings  for  the  un- 
watering  systems,  where  embedded  in  concrete,  shall  be  cast  iron  bell 
and  spigot.  Exposed  pipe  shall  be  black  steel  with  cast  iron  screwed 
drainage  pattern  fittings  for  6  inches  and  smaller  sizes,  and  cast  iron 
flanged  fittings  for  8  inches  and  larger, 

11-08.  GENERAL  DRAINS,  - 

(a)  Material,  Pipe  for  all  drains  (except  acid  and  plumbing 
drains)  shall  be  galvanized  steel.  Fittings  6  inches  and  larger  shall 
be  cast  iron  flanged,  and  fittings  less  than  6  inches  shall  be  cast 
iron  drainage  pattern,  screwed.  Unions  3  inches  and  less  shall  be 
galvanized  malleable  iron. 

Acid  drains,  where  directed,  shall  be  Duriron  pipe  and  fittings, 

(b)  Cleanouts  for  roof  drains  shall  be  located  as  directed 
by  the  contracting  officer.  They  shall  be  similar  to  cleanouts  in  the 
plumbing  drains,  except  that  cleanouts  larger  than  6  inches  need  not  be 
used  for  the  larger  size  pipes, 

11-09.  ^R  UNES.  -  All  air  pipe  shall  be  black  steel  with 
malleable  iron  fittings,  except  for  under-ground  lines  specified  in 
paragraph  11-04*  Valves  for  hose  outlets  shall  be  brass,  globe  type, 
equipped  with  standard  air  hose  couplings.  All  other  valves  shall  be 
brass  gate  valves*  All  pipe,  fittings  and  valves  shall  be  standard 
weight  except  that  where  300  pound  pressure  air  systems  are  used,  pipe 
shall  be  Class  B,  extra  heavy,  with  "300  pound  class"  fittings  and 
valves* 

11-10.  OIL  LII-IES.  -  All  oil  pipes  shall  be  pickled  wrought  iron 
pipe.  In  general,  all  fittings  shall  be  pickled  wrought  iron  with 
all  joints  welded,  except  that  galvanized  malleable  iron  screwed  fittings 
and  unions  may  be  used  where  space  limitations  make  welding  difficult 
and  when  such  substitution  is  approved  by  the  contracting  officer. 

11-11,  CaRj30N  Dioxide  SYSTE^I.  A11  pipe  for  the  carbon  dioxide 
fire  protection  system  shall  be  galvanized  steel,  standard  weight 
for  pipe  less  than  1  inch,  and  extra  heavy  for  1  inch  and  larger. 
Fittings  and  unions  on  lines  2  inches  and  less  shall  be  30O  pound 
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■type,  galvanized  malleable  iron.  Fittings  on  lines  over  2  inches  shall 
be-at  least  jOO   pound  type,  forged  steel  flanged. 

11-12.  MISCSLLANEOUS  PIPING. 

(a)  Scroll  Case  Vents  shall  be  welded,  black  steel  pipe 
made  with  1/4  inch  plate  in  accordance  with  the  specifications  of  the 
American  Society  of  Testing  Materials,  Serial  Designation  A  134-39  or 
A  139-39.  All  field  joints  shall  be  welded, 

(b)  Headwater  and  Tailwater  Gage  Wells  shall  be  black  steel 
pipe  with  cast  iron  flanges, 

(c)  Net  Head  and  Flow-recording  Pipe  shall  be  iron-pipe-size 
brass  with  screwed  brass  fittings,  unions  and  gate  valves. 

(d)  Manometer  Drain  shall  be  black  steel  pipe  with  malleable 
iron  screwed  fittings  and  unions. 

(e)  Soap  pipe  shall  be  iron-pipe-size  brass  with  brass 
screwed  fittings  and  unions. 

11-13.  ROOF  AND  DECK  DRAIN  HEADS.  - 

(a)  Roof  Drain  Heads  shall  be  cast  iron  japanned  body  with 
removable  dome  strainer  equipped  with  a  clamping  Jrtlng  to  hold  roofing 
or  flashing,  or  a  flashing  flange.  The  heads  shrill  be  of  the  proper 
type  for  the  surface  in  which  they  are  installed,  equipped  with 
expansion  joints,  similar  and  at  least  equal  to  Zum  Figure  Z-120  or 
Holt  Type  6.  (For  payment  see  paragraph  11-18  (n)). 

(b)  Exterior  Deck  Drains  shall  be  cast  iron,  japanned  body 
with  removable  bronze  or  brass  strainer,  similar  and  at  least  equal  to 
Zum  Figure  Z-500  or  Josam  Series  510.  (For  payment  see  paragraph  11-18 
(o)). 

11-14.  FLOOR  DRAINS,  - 

(a)  Floor  drains  in  toilet  and  shower  rooms  shall  be  iron 
body  with  adjustable  chromium-plated  brass  strainers.  The  drains  in 
the  shower  rooms  shall  have  clamping  rings.  The  general  type  shall  be 
similar  and  at  least  equal  to  Zum  Figure  Z-250  or  Josam  Series  250  ADC, 
(For  payment  see  paragraph  11-18  (o)) 

(b)  Except  as  specified  otherwise,  all  floor,  sump  and  pit 
drains  below  the  turbine  room  floor  level  shall  be  cast  iron,  bell 
trap  floor  drains  similar  and  at  least  equal  to  Clow-National  F-3935 
or  Crane  C-34-626-A,  (For  pa^mient  see  paragraph  ll-l3(p)) 

(c)  Trench  drains  shall  be  coated  cast  iron  with  removable 
strainers,  similar  and  at  least  equal  to  Zum  Figure  575  or   Josam 
Series  150O,  (For  payment  see  paragraph  11-18  (p)) 

(d)  All  other  floor  drains,  including  those  in  the  oil 
room,  shall  be  cast  i-ron  body  with  removable  brass  strainer  and  traps. 
Drains  shall  be  similar  and  at  least  equal  to  Zum  Figure  Z-560  or 
Josam  Series  70,  with  standard  U-traos,  (For  payment  see  paragraph 
11-18  (o)) 

11-15.   E^^SERTS  AND  SLEEVES. 

(a)  Where  pipes  pass  through  floors  or  -.Tails,  the  contractor 
shall  set  black  steel  or  galvanized  iron  pipe  sleeves.  Steel  sleeves 
shall  be  cut  accurately  to  length  and  the  ends  shall  be  ground 
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smooth.  The  type,  size,  projection  and  length  of  sleeves  shall  be 
determined  by  the  contracting  officer, 

(b)  When,  in  the  opinion  of  the  contracting  officer,  it 
is  advisable  to  set  sleeves  or  inserts  in  the  concrete  for  piping  to  be 
installed  under  another  contract,  this  contractor  shall  set  such  parts 
as  directed, 

11-16.  TESTS. 

(a)  General,  -  Where  extensive  sections  of  systems  of  piping 
are  installed  completely  or  where  such  procedure  is  advisable  before 
lines  are  buried  in  trenches,  the  contractor  shall  perform  tests  when 

so  directed  by  the  contracting  officer.  In  general,  tests  may  be  applied 
to  an  entire  system  or  in  section.  Sections  which  have  been  found 
satisfactory  need  not  be  re -tested  after  completion  of  the  entire  system 
unless  considered  necessary  by  the  contracting  officer.  Should  the 
tests  indicate  excess  leakage  or  any  other  defectf  the  contractor  shall 
make  adequate  repairs  or  replacements.  Air  tests  shall  take  into  account 
changes  in  temperature  and  atmospheric  pressure  during  the  tests. 

Before  any  tests  are  undertaken,  the  contractor  shall 
notify  the  contracting  officer  so  that  such  tests  may  be  witnessed  by 
him  or  his  authorized  representative. 

The  contractor  shall  furnish  all  labor,  material  and 
equipment  necessary  for  performing  all  tests,  the  cost  of  which  shall 
be  included  in  the  applicable  unit  contract  prices, 

(b)  Soil,  Waste,  Yent  and  Drain  piping.  Soil,  waste,  vent 
and  drain  piping  shall  be  tested  with  air  pressure.  The  air  test  shall 
be  made  by  attaching  a  compressed  air  connection  to  any  suitable  opening 
and  closing  all  other  inlets  and  outlets  to  the  system  by  means  of 
proper  testing  plugs.  Air  shall  be  forced  into  the  system  until  there  is 
a  uniforai  pressure  of  5  pounds  per  square  inch  on  that  portion  of  the 
system  being  tested.  The  pressure  shall  remain  constant  for  20  minutes 
without  the  addition  of  air, 

(c)  Supply  Piping.  The  water  supply  system,  both  cold  and  hot, 
shall  be  tested  with  air  at  a  pressure  of  75  pounds  per  square  inch. 

The  pressure  shall  remain  without  appreciable  drop  for  24  hours  without 
the  addition  of  air, 

(d)  Air  Lines.  The  compressed  air  system  shall  be  subjected 
to  an  air  test  eraal  to  the  designed  pressure  for  each  system.  Each 
system  shall  be  filled  with  air  at  the  specified  pressure  and  shall  main- 
tain this  pressure  without  appreciable  drop  for  a  period  of  24  hours 
without  the  addition  of  air. 

(e)  Oil  piping.  Oil  piping  shall  be  tested  with  air  pressure 
at  100  pounds  per  square  inch  in  the  same  manner  as  tests  of  the  com- 
pressed air  piping.  Pipe  buried  underground  shall  be  tested  before 
backfill  is  placed, 

(f)  Soap  Piping.  Soap  piping  shall  be  tested  with  air  at 
50  pounds  pressure  in  the  same  maimer  as  specified  for  air  lines, 

(g)  Carbon  Dioxide  piping.  Carbon  dioxide  piping  shall  be 
tested  as  recomnended  by  the  manufacturer  of  the  equipment, 

(h)  payment.  No  separate  payr;ient  will  be  made  for  testing; 
the  cost  thereof  shall  be  included  in  the  applicable  unit  prices. 

11-17.  MEASuRIMENT  FOR  PAYiviEwT.  -  Measurement  for  payment  for 
pipe,  fittings  and  oth-'r  items  in  this  section  where  pay.nent  is  based  on 
weight,  shall  be  the  nominal  weight  of  the  actual  pipe  of  fittings  installed, 
not  including  paint,  joint  material,  or  '.vaste ,  all  such  items  being 
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absorbed  in  the  unit  price  for  the  pipe  or  fittings  installed. 

11-18,  PAYMENT.  -  The  cost  of  supplying  all  labor,  plant  and 
material  necessary  to  furnish  and  install  all  piping,  as  specified  or 
directed,  shall  be  included  in  the  contract  prices  for  the  separate 
items  of  work,  as  follows: 

(a)  "Steel  Pipe  and  Fittings,  Black",  per  lb.  This  includes 

1/4  inch  plate  welded  steel  pipe, 

(b)  "Steel  Pipe  and  Fittings,  Galvanized",  per  lb, 

(c)  "Wrought  Iron  Pipe  and  Fittings?,  per  lb,  (See  also 

paragraph  5-l8(f)(8)) 

(d)  "Pickled  Wrought  Iron  Pipe  and  Fittings",  per  lb, 

(e)  "Cast  Iron  Pipe  and  Fittings",  per  lb.  This  includes 

bell  and  spigot,  screwed  and  flanged  types, 

(f)  "Duriron  Pipe  and  Fittings",  per  lb, 

(g)  "Forged  Steel  Fittings",  per  lb, 

( h)  "Coating  Underground  Pipe  and  Fittings",  per  lb,  of 

pipe  and  fittings, 

(i)  "Brass  Pipe  and  Fittings*,  per  lb, 

( J)  "Copper  Tubing  and  Fittings",  per  lb, 

(k)  "Inserts,  Pipe  Hangers  and  Supports",  per  lb, 

(1)  "Brass  Valves",  per  lb, 

(m)  "Iron  Body  Valves,  Brass  or  Bronze  Mounted",  per  lb, 

(n)  "Roof  Drains",  per  lb, 

(o)  "Floor  and  Deck  Drains,  Brass  or  Bronze  Strainers",  per  lb, 

(p)  "Floor  and  Trench  Drains,  all  C,I"»  per  lb. 
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Specifications:     Barnhart   Island  Powerhouse 

SECTION  XII 

TOOFIMJ  AM)  COPPER  METAL  WORK 

12-01.     WORK  INCLODH). 

Under  this  section,  the  contractor  shall  furnish  and  install  all 
roofing  and  similar  work  which,  in  general,  includes  the  following  items: 
Precast  concrete  roof  slafes,  complete 

with  bolts  and  clips 
Interlocking  precast  concrete  roof  tile 
Asphalt  roofing 

Copper  flashing,  counter  flashing  and  gutters. 
■Lead  collars 

12-02.   ROOF  SLABS. 

(a )  Material. 

(1)  Roof  slabs  shall  be  precast  concrete  channel  slabs, 
similar  and  at  least  equal  to  Federal-American  Cement  Tile  Company's 
•Featherweight"  Concrete  Channel  Roof  Slabs,  made  with  light  weight  aggregate 
similar  to  •Haydite*  or  "Pottsco." 

(2)  The  roof  slabs  shall  be  reinforced  with  wire  meah 
accurately  placed  and  shall  be  designed  for  an  ultimate  load  of  250  pounds 
per  square  foot  uniformly  distributed  over  a  maximiim  span  not  in  excess  of 
eight  feet. 

(3)  Slabs  shall  be  as  nearly  perfect  as  good  workmanship  will 
permit;  cracked,  broken  or  warped  slabs  will  not  be  accepted.  Slabs  shall  be 
of  dimensions  and  shapes. suitable  for  their  particular  use  with  channels 
bearing  on  the  purlins.  Special  shapes  shall  be  cast  for  special  conditions 
if  necessary. 

(4)  Provision  shall  be  made  to  clip  the  slabs  securely  to  the 
purlins  at  two  or  more  points  per  full  size  slab  (one  on  each  end.)  Such 
clips  shall  be  sufficiently  strong  to  resist  a  gross  uplift  of  20  pounds  per 
square  foot  using  stresses  not  more  than  one  fifth  of  the  ultimate  strength 
of  the  material  used.  Bolts,  threaded  inserts  or  other  approved  anchors  for 
the  clips  shall  be  cast  into  the  slabs.  The  steel  clips,  inserts,  bolts,  nuts, 
washers  and  other  parts  shall  be  hot-dipped  galvanized  after  forming  and 
cutting. 

(b)  Installation. 

(1)  All  slabs  shall  be  erected  by  or  under  the  supervision  of 
the  manufacturer,  in  a  thorough  workmanlike  manner.  Slabs  shall  be  laid  on 
the  purlins  with  joints  matching  closely  and  clipped  securely  in  place. 

(2)  All  joints  between  slabs  shall  be  cemented  on  the  upper 
side  with  an  approved  brand  of  asphaltic  cement  and  the  finished  deck  shall 
present  a  snooth  surface  ready  for  the  application  of  composition  or  other 

covering.  '  4.u   +  *.i 

(3)  The  slabs  under  gutters  need  not  be  clipped  to  the  steel- 
work. Joints  between  these  slabs  and  supporting  members  shall  be  closed  off 
to  prevent  objectionable  leakage  when  the  concrete  or  fill  is  placed  on  top 

of  the  slabs.  ,   ,  ,  ^^^   +.„j. 

(c)  Tests.  -  The  contractor  shall  furnish  sample  slabs  for  test 
purposes  amDunti^Tto  not  nere  than  two  per  cent  of  the  total  -quantity  re- 

12-1 


quired  for  the  work.  Slabs  for  testing  will  be  selected  by  the  contracting 
officer  at  the  manufacturer's  plant  and  tested  by  the  Government  at  the 
Government's  expense. 

12-03.   INTERIJDCKING  CONCRETE  SLABS. 

(a)  M^tfirlal. 

(1) .  Interlocking  precast  concrete  roof  slabs  shall  be  similar 
and  at  least  equal  to  Federal-American  Cement  Tile  Company's  "Featherweight" 
Interlocking  Slabs.  The  top  surface  of  the  slabs  shall  present  a  smooth, 
dense  surface  highly  resistant  to  action  of  the  elements,  free  from  crazing 
or  spalling  and  without  any  porous  aggregates  on  the  surface  that  would  be 
affected  by  freezing. 

(2)  The  exterior  surface  shall  show  a  uniform  red  color, 
permanent  and  not  subject  to  bleaching,  and  the  color  shall  penetrate  the 
top  1/2  inch  of  the  concrete  (at  least.). 

(3)  Except  as  specified  above,  and  except  that  the  purlin 
spacing  will  be  not  greater  than  k   feet,  the  slabs  shall  conform  to  the  re- 
quirements of  paragraph  12-02  (a). 

(4)  All  trimmings  such  as  ridge  rolls  and  ventilator  collar 
slabs  shall  conform  to  these  specifications, 

(5)  Elastic  compound,  oil  cement  and  all  other  incidental 
materials  used  shall  be  in  accordance  with  the  tile  manufacturer's  re- 
commendations, they  shall  have  a  satisfactory  record  of  performance  over  a 
period  of  years  in  localities  with  similar  weather  conditions  and  they  shall 
be  subject  to  the  approval  of  the  contracting  officer. 

(b)  Installation. 

(1)  All  slabs  shall  be  erected  by  or  under  the  supervision  of 
the  manufacturer,  in  a  thorough  workmanlike  manner.  Slabs  shall  be  laid  on 
the  purlins  with  the  joints  matching  closely  and  securely  clipped  in  place. 

(2)  Slabs  shall  be  laid  with  staggered  ridge  joints  normal  to 
the  slope  and  in  true,  straight  lines  meeting  at  all  hips  and  valleys.  The 
longitudinal  joints  shall  be  cemented  with  oil  cement  and  a  weather  cap  coat 
of  elastic  compound  of  a  color  that  will  match  the  tile  at  the  time  of  in- 
stallation and  that  will  neither  darken  nor  fade  with  age  and  exposure.  The 

lap  or  cross  joint  shall  be  amply  wide  and  shall  be  a  squeeze  joint  of  oil 
cement. 

(3)  Hidge  and  hip  rolls  shall  be  cemented  together  in  a  manner 
similar  to  the  main  roof  slabs.  All  such  pieces  shall  be  seciirely  attached 
by  nailing  to  a  creosoted  wood  member  which  shall  be  bolted  to  the  steel  work. 

(4)  The  row  of  tile  adjacent  to  the  parapet  wall  shall  be  pre- 
cast concrete  nailing  slabs  similar  and  at  least  equal  to  Federal  American 
Cement  Tile  Company's  "Featherweight"  Ifeiling  Concrete  Roof  Slabs.  Cant 
strips  and  copper  sheathing  will  be  installed  over  these  slabs  to  form  gutters. 

(c)  Tests.  -  Tests  shall  be  the  same  as  specified  for  concrete 
roof  slabs  in  paragraph  12-02  (c)  hereof. 

12-04.  ASPHALT  BUILT-UP  ROOFING. 

(a)  Installation. 

(1)  The  contractor  shall  install  20  year  bonded  asphalt  roof 
where  this  type  of  roof  is  shown  on  the  drawings.  Materials,  workmanship, 
number  of  layers  and  weights  of  felt  and  all  other  details  shall  be  in 
accordance  with  the  manufacturer's  specifications. 
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(2)  Where  required  or  directed,  the  roofing  shall  be  turned 
up  onto  the  wall  or  carried  into  the  reglet  in  an  approved  manner,  using 
felt  suitable  for  this  purpose. 

(3)  The  roofing  shall  be  furnished  by  an  established  manufac- 
turer and  installed  by  a  contractor  bonded  by  the  manufacturer  and  under  his 
supervision,  both  subject  to  the  approval  of  the  contracting  officer. 

(b)  Guarantee.  The  contractor  shall,  upon  completion  of  the  work, 
provide  the  Government  with  a  surety  bond  in  the  full  amount  of  the  cost  of 
the  built-up  roofing  and  in  a  form  satisfactory  to  the  contracting  officer, 
which  shall  stipulate  at  least  that  the  contractor  shall,  during  a  period 
of  twenty  years  after  and  commencing  on  the  day  of  acceptance  of  the  work, 
maintain  the  roof  watertight,  and  repair  all  defects  caused  by  faulty  work- 
manship or  material,  or  ordinary  wear  and  tear,  without  cost  to  the 
Government • 

12-05,  METAL  WORK. 

,   ^®^  M^ Serial.  -  All  sheet  copper  and  sheet  lead  shall  conform  to 
the  requirements  cif  Section  VI.  ^'^*.-m   vo 

(b)  Flashing. 
.  .  ,    ,    (1)  All  copper  used  for  gutters,  flashing,  counter  flashing, 
joint  seals  and  similar  places  shall  be  of  sizes  specified  and  shall  weigh 
al  least  16  ounces  per  square  foot.  All  seams  shall  be  flat  or  double  locked 
and  well  soldered.  Extreme  care  shall  be  exercised  so  that  no  copperwork  is 
punctured  or  bent  out  of  place  and  any  such  defects  shall  be  repaired  in  a 
satisfactory  manner. 

(2)  Flashing  shall  be  mopped  in  place  under  the  roofing. 
Flashing  or  counter  flashing  shall  be  carried  into  the  reglet  the  full  depth 
and  shall  be  turned  back  to  form  a  hook  and  thoroughly  secured  by  hammering 
lead  wool  in  place  or  with  elastic  roofing  cement. 

(3)  Roof  drains  and  exhaust  outlets  shall  be  flashed  into  the 
roofing,  using  copper  sheets  in  accordance  with  details  to  be  shown  on  the 
construction  drawings  or  as  directed  by  the  contracting  officer. 

(i|)  Toilet  vent  stacks  will  be  4  inches  in  diameter  and  will 
project  12  inches  above  the  roof,  A  sheet  lead  collar,  weighing  not  less 
than  6  pounds  per  square  foot ,  shall  be  turned  down  into  the  pipe  at  the 
top  and  shall  be  mopped  into  the  roofing  at  the  bottom,  and  extend  at  least 
8  inches  under  the  roofing. 

(c)  Copper  Gutter.  Copper  gutter  around  the  concrete  tile  roof 
shall  be  of  the  same  weight  as  the  flashing,  with  all  joints  fastened  to 
form  a  secure  and  watertight  gutter.  Copper  shall  cover  the  entire  lower 
row  of  tile  (nailing  slabs)  and  be  sealed  into  the  longitudinal  joint. 
Immediately  before  laying  the  copper,  the  contractor  shall  cover  the  top 
of  the  nailing  slabs  with  a  heavy  mopping  of  hot  asphalt.  The  roof  shall 
be  nailed  in  place  using  copper  nails  spaced  not  more  than  6  inches  on  centers 
and  in  rows  not  more  than  24  inches  on  centers.  The  coni)leted  deck  shall 
form  an  absolutely  watertight  surface,  free  from  bulges  or  exposed  edges, 
and  tight  to  the  concrete  deck. 

12-06.  CANT  STRIPS  AND  FILL.  - 

(a)  All  fill  for  cant  strips,  saddles  and  gutters  shall  be  com- 
posed of  equal  proportions  of  gypsum  and  wood  shavings  mixed  with  water  and 
applied  on  top  of  the  roof  slabs.  The  contractor  shall  mop  with  asphalt 
over  the  roof  deck  before  placing  the  fill  and  shall  also  mop  on  top  of  the 
fill  before  placing  roofing  or  copper. 
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(b)  Cant  strips  and  full  will  not  be  paid  for  es  such,  and  the 
cost  of  furnishing  and  placing  shall  be  included  in  the  unit  contract  price 
for  each  type  of  roofing. 

12-07.  CHAMJE  IN  DESIGN  OF  ROOF. 

(a)  The  contracting  officer  reserves  the  right  to  revise  the  design 
of  the  sloping  roof  over  the  power  house  by  substituting  therefor  an 
approximately  flat  roof  similar  to  those  shown  in  other  locations  (as  on  draw- 
ing sheet  21),  Such  substitution  may  be  made  at  any  time  before  the  con- 
tractor has  ordered  the  structural  steel  and  for  this  reason  the  contractor 
shall  notify  the  contracting  officer  in  writing  at  least  ten  days  before  he 
intends  placing  the  order  for  structural  steel. 

(b)  This  substitution  will  increase  the  quantities  for  payment 
under  certain  contract  items  under  this  section  and  decrease  or  eliminate 
others,  but  such  change  in  quantities  shall xot  alter  the  unit  contract 
prices. 

12-08.  MEASUREMENT  FOR  PAYMENT. 

Measurement  for  payment  for  roofing  and  roofing  slabs  shall  be 
based  on  the  areas  of  roof  actually  covered,  using  horizontal  or  slope 
dimensions  or  surfaces  with  no  deductions  for  openings  less  than  15  square 
feet  in  area.  The  vertical  height  of  flashing  or  roofing  from  the  deck  to 
the  reglet  shall  not  be  added  to  the  net  roof  area  but  the  cost  of  such 
work  shall  be  included  in  the  unit  cost  of  the  roof. 

12-09  PAYMENT.  -  The  cost  of  all  labor,  plant  and  material  required 
to  furnish  and  install  all  precast  concrete  roof  slabs,  roofing  and  i^e^l^ 
work  specified  in  paragraphs  12-01  to  12-06  inclusive  shall  be  included  m 
the  contract  uhit  .prices  for: 

(a)  "Precast  Concrete  Roof  Slabs"  per  square. 

(b)  "Precast  Concrete  Roofing  Tile"  per  square. 

(e)  "Built-up  Asphalt  Roofing"  per  square.  oif^W 

(d)  "Copper  Metal  Work"  per  pound.  (See  also  paragraph  5-2Ue)) 

(e)  "Lead  Collar  for  k   inch  Toilet  Vent,"  each. 
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specifications:  Barnhart  Island  powerhouse 

SECTION  XIII  -  PAINTS   A^D  PAIOTIMJ 

13-01  •  CtET'E^L.  -  The  requirements  set  forth  in  this  section  include 
both  shop  and  field  cleaning  and  painting.  Unless  otherwise  specified  or 
authorized,  all  paint  materials  shall  conform  to  the  current  Federal  Speci- 
fications wherever  applicable.  Where  Federal  Specifications  are  not  appli- 
cable, material  shall  be  as  specified,  or  otherwise  subject  to  the  approval 
of  the  contracting  officer.  All  colors  shall  be  as  specified  or  subject  to 

the  approval  of  the  contracting  off icer. All  paint ,  when  applied,  shall 
provide  a  satisfactory  film  and  a  smooth  even  s'xrface,  except  when  :;'.nd  re- 
inforced, and  undercoats  shall  dry  without  excessive  gloss,  suitable  for  the 
proper  application  and  adhesion  of  subsequent  coats,  as  approved  by  the  con- 
tracting officer.  V/here  necessary,  in  the  opinion  of  the  contracting 
officer,  to  suit  the  conditions  of  surface,  temperature,  and  weather  exist- 
ing at  the  particular  time  of  application,  the  packa£ed  paint  may  be  thinned 
by  the  addition  of  not  more  than  one  pint  per  gallon  of  mineral  spirits 
(paragraph  13-10(a)  )  immediately  prior  to  application,  provided  that  in  no 
case  shall  the  viscosity  of  the  paint  be  reduced  to  a  point  where  the  speci- 
fied maximum  coverares  will  be  exceeded.  To  distinguish  several  paint  coats 
of  the  same  color  the  contracting  officer  may  require  the  addition  of  car- 
bon black  to  give  each  coat  a  different  shade. 

13-02.  SURFACE  CLEAJ^IM)  PREPARATION. 

(a)  Sh9P  Clg^ninf;.  -  Unless  otherwise  specified  all  ferrous  sur- 
faces to  be  painted,  which  will  be  subjected  to  continuous  or  occasional 
submergence,  or  which  will  be  repeatedly  wet  from  water  condensation,  shall 
be  thoroughly  cleaned  of  all  millscale  and  other  foreign  substances  to  base 
by  sandblasting,  or  any  other  method  approved  by  the  contracting  officer. 
All  other  exposed  metal  surfaces  to  be  painted  shall  be  thoroughly  cleaned 
of  all  loose  millscale  and  other  foreign  material  by  wire  brushing  and/or 
flame  cleaning. 

(^)  Field  Cleaning;.  -  Unless  otherwise  specified  all  painted  fer- 
rous surfaces,  which  will  be  subjected  to  continuns  or  occasional  submer- 
gence, or  which  will  be  repeatedly  wet  from  water  condensation,  shall  be 
cleaned  of  paint,  rust  and  dirt  by  sandblasting.  All  other  painted  surfaces 
to  be  repainted  shall  be  cleaned  of  dirt,  oil  and  other  foreign  substances 
by  the  use  of  mineral  spirits  or  other  approved  cleaning  agents  immediately 
prior  to  the  application  of  field  coats.  All  blisters  and  breaks  in  the 
paint  film  shall  be  cleaned  to  base  surface  by  wire  brush  or  scraper. 

(c)  Protection  of  Surfaces.  -  Care  shall  be  taken  to  adequately 
protect  all  machinery  parts,  threads,  and  finished  surfaces  during  cleaning 
and  preparation. 

(d)  Inhibition.  -  Nd  shop  inhibitive  treatment  will  be  required. 
All  surfaces  cleaned  in  the  field  by  sandblasting,  or  equally  effective 
method,  shall  be  treated  with  a  chemical  rust  inhibitor  (paragraph  13-0?). 
The  inhibitor  shall  be  applied  as  soon  after  cleaning  as  practicable,  and 
prior  to  formation  of  any  form  of  corrosion  from  atncspheric  moisture,  or 
other  causes.  The  inhibitor  shall  be  applied  by  brush  and  permitted  to 
dry.  This  chemical  inhibitor,  however,  shall  be  applied  only  under  con- 
ditions such  that  the  temperature  of  the  surfaces  to  which  applied  and  the 
air  in  contact  therewith,  are  between  50  degrees  F  and  110  degrees  F.»  in 
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order  to  insure  proper  chemical  reaction  with  the  metal.  After  drying,  any 
unneutralized  reactive  residue  on  the  siorfaces  shall  be  removed  by  thorough 
wiping  v/ith  wet  cloths.   The  inhibited  surfaces  shall  then  be  permitted  to 
dry  thoroughly  anri  shall  be  brushed  with  a  broom  to  remove  the  dry  dusty  re- 
action product,  after  which  a  standard  priming  coat  of  paint,  as  indicated, 
shall  be  applied  as  soon  es  practicable,  but  in  any  event  prior  to  deterioration 
or  destruction  of  the  inhibited  surface.  Should  the  inhibited  surface  be 
damaged,  the  surfaces  shall  be  cleaned  end  retreated  in  approved  manner  prior 
to  application  of  the  paint. 

13-03.   PAIKT  APPLICATION. 

(a)  All  painting  shall  be  done  in  a  neat,  thorough,  and  workman- 
like manner.   Except  where  other  wise  specified  or  specifically  directed,  all 
paint  coats  shall  be  applied  by  either  brush  or  spray  in  such  manner  as  to 
produce  an  even  coating  of  uniform  thickness  completely  coating  all  corners 
and  crevices.  All  painting  shall  be  done  by  thoroughly  experienced  workmen. 
Care  shall  be  exercised  during  spraying  to  hold  the  nozzle  sufficiently  close 
to  the  surfaces  being  painted  to  avoid  excessive  evaporation  of  the  volatile 
constitutents  and  loss  of  material  into  the  air.  Paint  shall  be  applied  only 
to  surfaces  that  are  thoroughly  dry  and  only  under  such  combination  of  humid - 
ity  and  temperatures  of  the  atmosphere  and  surfaces  to  be  painted  as  will 
cause  evaporation  rather  than  condensation.  A  practical  test  is  to  wipe  a 
damp  cloth  on  the  surface  to  be  painted.  If  the  moist  streak  dries  promptly, 
conditions  conducive  to  evaporation  prevail.   In  no  case  shall  any  paint  be 
applied  to  surfaces  upon  which  there  is  frost  or  moisture  condensation,  or 
during  rainy  or  misty  weather,  without  suitable  protection  as  approved  by 
the  contracting  officer.  Painting  during  unfavorable  weather  conditions 
shall  be  carried  on  under  a  protective  covering  erected  for  this  purpose. 
While  any  painting  is  being  done,  the  temperature  of  the  surfaces  to  be 
painted  and  of  the  atmosphere  in  contact  therewith  shall  be  maintained  at  or 
above  50  degrees  F.  All  paint  when  applied  shall  be  approximately  (within  fif- 
teen degrees  of)  the  same  temperature  as  that  of  the  surface  on  which  it  is 
applied.  Where  protection  is  provided  for  paint-sixrfaces,  such  protection 
shall  be  preserved  in  place  until  the  paint  film  has  properly  dried  and  re- 
moval of  the  protection  authorized  by  the  contracting  officer.  Items  which 
have  been  painted  shall  not  be  handled,  worked-on  or  other  wise  disturbed 
until  the  paint  coat  is  completely  dry  and  hard.  After  delivery  at  the  site 

of  permanent  erection  or  installation,  all  shop-primed  metal  work  shall  be 
kept  clean  and  free  from  corrosion.  The  surfaces  shall  be  repainted  or  re- 
touched from  time  to  time,  when  in  the  opinion  of  the  contracting  officer  it 
becomes  necessary,  using  the  same  type  of  paint  as  the  priming  coat.  Where 
field-painting  at  the  site  has  been  conmenced  on  any  portion  of  the  work,  the 
complete  painting  operation,  including  priming  and  finishing  coats,  on  that 
portion  of  the  work,  shall  be  completed  within  30  days  after  the  date  of 
such  commencement.  All  coats  on  all  painted  surfaces  shflll  be  unscarred 
at  the  time  of  application  of  all  succeeding  costs,  and  when  in  the  opinion 
of  the  contracting  officer  it  becomes  necessary,  all  coats  shall  be  main- 
tained  by  retouching  or  repainting,  using  the  proper  paints  ^f  ^^^f JJ^^^^f  ^^ 
coats.  Ifter  completion  of  painting,  all  glass,  woodwork^  !f  t^tl^is- 
other  surfaces  not  required  to  be  painted  shall  be  cleaned  to  the  satis 

faction  of  the  contracting  officer.  «,non  for  each 

(b)  coverage.  -  The  surface  area  covered  per  gallon  for  eacn 
type  Of  paint  s^^^IFt^^   shall  be  not  greater  than  the  following: 
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On  smooth  raetallic   surfaces: 

1st  priming;  coat 600  square  feet 

2nd  priming  coat 425  square  feet 

1st  and  2nd  finish  coats 350  square  feet 

On  sanded  priming  coat: 

Sanded  primer  coat k23  square  feet 

1st   finish  coat 250   square   feet 

2nd  finish  coat 300  square  feet 

3rd  finish  coat 400  square  feet 

13-04.        PRIMING  COATS 

(a)  Unpajnted  Surfaces*  -  The  surfaces  of  all   ferrous  metal 
woik  to  be  embedded  in  the   concrete,  machined  svirfaces,    s\irfaces  requiring 
welding,   and  surfaces  which  will  be  in  riveted  contact   shall  not  be  painted 
unless  otherwise   specified. 

(b)  Shop  prtfiigp;. 

(1)  Unless  othe^Tvise   specified  all  exposed  ferrous  metal 
shall  receive  one  shop  coat  of  Synthetic  Red  Lead  Primer. 

(2)  Machined  surfaces  shall,   iiTEaediately  after  final  inspec- 
tion,  be  thorou^ly  cleaned  of  all  foreign  matter  and  coated  with  Rust  Pre- 
ventive Compound,   U»  S.  Anny  Specification  2-84A« 

(3)  Screw  threads  shall  be  protected  by  a  coating  of  heavy 
oil. 

(c)  Field  priTnin£^. 

(1)  All  fer: ous  surfaces  frcm  which  the  priming  coat  has  been 
sandblasted  shall  be   treated  as  fcllowsx      the   surfaces  shall  be  inhibited  and 
painted  with  one  coat  of  Synthetic  Red  Lead  primer.     In  this  coat,  a  heavy 
uniform  course   of  perfectly  clean  sand  ( see  paragraph  13-11  ( f ) )   shall  be 
thoroughly  and  uniformly  embedded  within  15  minutes  after  a.iplication  of  the 
paint,  or  in  any  event  before   the  paint  has  set  to  such  extent  as   to  prevent 
the  proper  embedment  and  adhesion  of  the  sand  particles.     The  sand  stoll  be 
applied  by  air  spray  at  reduced  pressure  or  in  any  other  manner  which  will 
insure  thorough  embedment  of  the  maximum  volume  of  sand  particles  without 
appreciable  movement  of  the  paint  film.     This  coating  shall  be  allowed  to  dry 
for  a  minumum  of  48  hours  prior  to  application  of  finish  coats. 

(2)  All   other  surfaces  shall   receive  a  second  priming  coat 
of  Synthetic  Red  Lead  Primer  after  final  erection  in  place  in  the  structure. 
Surfaces  which  will  be  inaccessible  after  erection  shall  be  painted  prior 
thereto. 

13-05.     FrnSH  COATS. 

(a)  General.  -  Unless  otherwise  specified,  or  authorized,  the 
sand  reinforced  grimed  metal  shall  be  given  three  coats  of  Gray  Finish  Enamel 
(see  paragraph  13-06(d)).  Exposed  primed  surfaces  of  all  other  metal  woric 
shall  receive  two  coats  of  Gray  Finish  Enamel.  The  priming  coat  over  which 
it  is  applied  shall  be  thoroughly  dry  and  hardened,  and  at  least  a  24-hour 
interval  shall  be  allowed  between  two  successive  finish  coats  and  not  less 
than  5  days  for  hardening  of  the  final  coat  before  being  subnerged  in  water. 
In  any  case,  all  finish  painting  shall  be  completed  within  30  days  after 
application  of  the  first  field  priming  coat. 

(b)  £i£iag,  -  All  exposed  black  steel  or  black  wrought  iron 
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pipe  and  fittings  shbll  be  cleaned  by  wire  brushing  and  given  one  coat  of 
Synthetic  Red  Lead  Rrimer  on  the  outside.  All  exposed  pipe  shall  be 
marked  with  patches  of  an  approved,  colored  enamel  paint  for  temporary 
identification  in  the  following  colors: 

Oil  •• Green 

Air Yellow 

Raw  Water Gray 

Treated  Water  •••  

Carbon  Dioxide Red 

13-06.  PAINTS  AM)  PAINT  FORMJIAE. 

(a)  General.  -  Paints  shall  have  the  composition  as  indicated 
below  and  shall  be  of  a  color  matching  the  color  clips  attached  or  as  other- 
wise approved  by  the  contracting  officer.  All  paints  shall  be  guaranteed 

by  the  manufacturer  not  to  gel,  liver  or  thicken  deleter iously  or  form  gas 
in  a  closed  container  within  a  period  of  one  year  from  date  of  manufacture. 

(b)  Processing  of  Paints. 

(1)  Except  where  othei^ise  specified  or  authorized,  all 
paint  shall  be  made  by  grinding  together  dry  or  paste  pigments  and  a  liquid 
vehicle  to  form  a  smooth  paint  that  will  flow  freely  and  will  not  settle  or 
react  deleteriously  in  containers. 

(2)  Grinding  shall  produce  a  fineness  such  that  coarse  par- 
ticles and  skins  will  not  exceed  1,5  percent  (total  residue  left  on  N&.  325 
mesh  screen,  based  on  pigment).  T^ie  grinding  shall  be  done  in  a  roll  or 
pebble  mill  at  temperatures  that  will  not  cause  polymerization. 

(3)  Skinning  shall  be  negligible  after  exposing  6  ounces  of 
paint  in  a  tightly  closed  8  ounce  glass  container  to  sunlight  for  a  total 
time  of  24  hours. 

(4)  The  resulting  paint  shall  have  satisfactory  brushing 
and  leveling  properties,  shall  set  to  touch  in  not  less  than  one  hour  nor 
more  than  four  hours,  unless  otherwise  specified,  and  shall  provide  a 
satisfactory  film  and  a  smooth  even  surface  without  undue  gloss,  suitable 
for  proper  application  and  adhesion  of  subsequent  paint  coats,  as  approved 
by  the  contracting  officer.  Sufficient  suitable  driers  shall  be  added  to 
made  the  paint  dry  hard  within  18  hours. 

(5)  In  view  of  potential  variations  resulting  from  variable 
processing  equipment  and  technique,  the  manufacturer  may  be  allowed,  where 
necessary  to  produce  the  specified  viscosities,  to  make  slight  changes  in 
fbrmula  proportions,  subject  to  specific  approval  of  the  contracting  officer. 

(c)  Synthetic  Red  Lead  Primer.  -  Synthetic  Red  Lead  Primer  to 
be  used  under  all  gray  enamel  finish  coats  shall  be  composed  of  materials 
conforming,  where  applicable,  to  the  specified  requirements  and  mixed  in 
the  proportions  as  follows: 

Red  Lead ^^'5%  ^7   weight 

Iron  Oxide • 38»2^ 

Zinc  Yellow 5'5% 

Diatomaceous  Silica  ......  6.0^ 

Vehicle  (see  paragraph  I3-O8)  .  .  .28.0^ 

Thinner ♦  .  .  5-9^ 

The  paint  shall  have  a  consistency  of  flow  of  between  25  and  40  seconds 
through  the  O.15  inch  diameter  orifice  of  a  standard  consistency  cup  when 
tested  in  accordance  with  the  procedure  specified  in  paragraphs  9  and  10  of 
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A.S.T.M.,  Specification  D  333-37  for  •Methods  of  Testing  Nitrocellulose 
Clear  Lacquers  and  lacquer  Enamels. •  It  shall  have  satisfactory  brushing 
and  leveling  properties,  shall  set  to  light  touch  in  not  less  than  two 
hours  nor  more  than  five  hours,  and  shall  dry  hard  for  recoating  in  not 
more  than  18  hours,  when  tested  in  accordance  with  paragraph  F-2d  of  Federal 
Specification  TT-Y-Sla,  entitled  •Varnish;  Mixing  (for)  Aluminum  Paint." 
The  vehicle  shall  be  a  synthetic  resin  varnish  consisting  of  phenol  formalde- 
hyde resin  with  the  necessary  oils  and  volatile  thinners  to  produce  elas- 
ticity, we t er- proof ness,  adherence,  and  durability  in  the  finished  paint 
film.  It  shall  meet  the  detailed  requirements  of  paragraph  13-08. 

(d)  Gray  Finish  Enamel.  -  Unless  otherwise  specified,  all  finish 
paint  for  all  metal  surfaces  shall  have  the  following  composition  and 
properties: 

Coloring  pigments  .••.......  0.5  lbs.  (approx.) 

Lead  Titanate  .••..••••..  3.0  lbs. 

libgnesium  silicate  • ....1.0  lbs. 

Acicular  Zinc  Oxide 0.25  lt)S. 

Vehicle  (see  paragraph  13-08)  ...  1.0  gallon 

The  paint  shall  have  a  consistency  of  flow  of  between  18  and  i;0  seconds 
through  the  0.15  inch  diameter  orifice  of  a  standard  A.S.T.M.  consistency 
cup.  The  enamel  shall  have  good  self  leveling  properties  and  when  brushed 
or  sprayed  on  a  vertical  siu'face  at  a  coverage  rate  of  500  square  feet  per 
gallon  shall  dry  hard  &rA   elastic  without  running,  streaking  or  sagging, 

(e)  Gray  Heat  Resistant  Primer  and  Finish  Paint  for  Metal.  -  Gray 
heat  resistant  primer  and  finish  paint  for  metal  shall  have  the  following 
coir5)osition: 

Coloring  Pigments  .  • 1.0  pound  (Approx.) 

Titanium  Dioxide  • 3*0  pounds 

Vehicle ' »  •  .  1.0  gallon 

Drier  -  sufficient  approved  driers  to  made  the  paint  dry  hard  in 
10  hours. 

The  vehicle  shall  be  a  glycerol-phthalate  resin  varnish  of  the 
following  composition; 

Glycerol -Phthalate  Resin  Solution  3/4  gallon 

Mineral  Spirits 1/4  gallon 

The  glycerol-phthalate  resin  solution  shall  consist  of  70  percent  by 
weight  of  glycerol-phthalate  resin  dissolved  in  30  percent  by  weight  of  xylol 
and  shall  be  similar  and  equal  to  •Rezyl*  Kb.  110,  Solution  No.  •C,»  as  man- 
ufactured by  the  American  Cyanamide  &  Chemical  Corporation,  30  Rockfeller 
Plaza,  New  York,  N.  Y. 

13-07.  CHEMICAL  RUST  INHIBITOR.  -  Chemical  rust  inhibitor,  to  be  used 
where  specified  or  required,  shall  be  an  approved  compound  of  water,  a  wetr 
ting  agent,  a  viscosity  agent,  phosphoric  acid,  and  sodium  dichromate.  The 
concentration  of  the  solution  at  the  time  of  application  shall  be  such  that 
the  Ortho-phosphoric  acid  (E'^TO}^.)   content  shell  be  between  7.0  and  9«0  per- 
cent (by  weight)  and  the  Sodium  Dichromate  approximately  0.75  percent. 
Commercial  chenical  rust  inhibitors  of  composition  somewhat  different  from 
this  my  be  acceptable  in  lieu  thereof,  subject  to  approval  by  the  contrac- 
ting officer  of  results  of  approved  tests  showing  that  the  inhibitor,  when 
applied  in  accordarce  wjth  instructions  of  the  menufacturert  will  identi- 
cally affect  ferrouB  aurfaces  as  the  specified  compound  in  the  following 
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ways: 

(a)  Chemically  react  with  rust  and  surface  metal  to  etch  the  sur- 
face, form  a  dull  graylah  coating  of  iron-chromate-phosphate,  and  produce  a 
rust -inhibited  surface  receptive  to  the  firm  bonding  of  the  priming  paint. 

^b)  After  initially  being  thoroughly  dried,  the  inhibited  surface 
shall  show  no  deleterious  rusting  when  subject  to  light  rain  or  to  other 
dampening  agency  fbr  a  period  of  not  less  than  4  hours. 

(c)  Leave  no  unneutralized  active  chemicals  on  the  surface. 

13-08.  PHSCLIC  RESIN  VARNISH  7IHICLE.  -  Phenolic  resin  varnish  rehicla 
shall  conform  to  the  following  requirement s i  • 

(a)  Oil-resin  ratio  shall  be  33.  gallons  of  oil  to  100  pounds  of 
resin. 

(b)  Shall  be  clear  and  transparent  and  entirely  free  from  resin, 
estergum  or  other  non-phendttt  remits.  Nst  less  than  50  percent  by  weight  of 
the  vehicle  shall  consist  of  non-volatile  oil  and  resin. 

(c)  The  resin  content  shall  be  100  percent  para  phenyl  phenol- 
formaldehyde  condensate  similar  and  eq;ial  to  Bakelite  BR  254»  and  shall  con- 
form to  the  current  U.  S.  Navy  Department  Specification  52R10  entitled  •Resin 
Phenol-Formaldehyde." 

(d)  The  volatile  thinner  shall  contain  not  more  than  80  percent 
mineral  spirits  and  not  less  than  20  percent  high  flash  coal  tar  naptha  or 
high  flash  hydrogenated  petroleum  naphtha  and  shall  be  free  from  toxic  hydro- 
carbons such  as  benzol. 

(e)  The  oil  content  shall  be  a  ternary  oil  mixture  composed  of  40 
percent  linseed,  30  percent  liquid  oiticica,  and  30  percent  "dehydrated" 
castor  oil. 

(f )  The  flash  point  shall  be  not  below  30  degrees  C.  in  a  closed 
cup  tester. 

(g)  Shall  pass  a  Kfeuri  Reduction  Test  of  1?0  percent,  using  the 
method  described  in  paragraph  F-2g,  Federal  Specification  TT-V-81  for  "Var- 
nish; Mixing  (for)  Aluminum  Paint." 

(h)  Shall  show  no  skinning  after  48  hours  in  a  3/4  filled,  tight 
container. 

(i)  Flow-out  films  on  tin  plate  panels  dried  72  hours  shall  with- 
stand immersion  in  cold  water  for  96  hours,  and  in  distilled  water  at  200 
degrees  F.  for  7  hours  "without  showing  more  than  a  slight  haze  which  shall 
disappear  within  one  hour,  and  shall  show  no  other  signs  of  deterioration. 
The  panel  shall  be  allowed  to  dry  and  cool  for  15  minutes  after  removal  from 
hot  water  and  shall  then  be  inspected  for  signs  of  failure. 

13-09.  PIGMENTS. 

(a)  Carbon  Black  shall  conform  to  either  Federal  Specification 
TT-B-601,  entitled  "Eondblack;  Dry,  Paste- in- Japan,  Paste-in-Oil"  or  Federal 
Specification  TT-L-71  entitled  "Lampblack;  Dry,  Paste- in-Japan,  Ifeste-in-Oil." 

(J5)  Lead  Titanate  shell  be  similar  end  equal  to  Titanox  "L"  as 
manufactured  by  the  Titanium  Pigment  Corporation.     ^ 

(c)  Red  Lead  shall  conform  to  Federal  Specification  TT-R-191a  (97; 
percent  Grade  for  "Red  Lead;  Dry  and  Paste-in-Oil." 

(d)  Iron  Oxide  shall  contain  not  less  than  98  percent  Fe203  and 
shall  not  contain  any  organic  coloring  matter.  ^ 

(e)  Diatomaceour  Silica  shall  be  an  approved  commercial  graae. 

(f )  Zinc  Yellow  shall  contain  not  less  than  40  percent  Cr03.  it 
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shall  be  a  basic    z5jnc  potassium  chromatet   soluble  in  acetic  acid,   free  from 
lead  compounds,  and  cootaining  no  added  zinc  oxide,   and  shall  be  stable  or 
non-reactive  with  the  pigments  and  vehicles  specified. 

(g)  Ti taninm  pinYi<^p>  shall  be   similar  and  equal  to   eit'ier   »Ti- 
Pure  0"   as  manufactured  by  Krebs  Pigment   &  C-^lor  Corporation  or   "Titanox  1^X3* 
as  manufactured  by  the  Titanium  Pigment  Corporation. 

13-10.      THII3\TERS  Am  SOLVENTS. 

(a)  Mineral  Spirits   shell  have  the  following  properties: 

Gravity   43-37  degrees  Baume 

Flash  Point    (Closed   cup) 100  degrees  F,  Min. 

Initial  Boiling  point   30O-31O  degrees  F. 

Eiid  Point 405  deL;rees  F.   tfex. 

A.S.T.M.  Copper  Strip  Test      ......  Ifcgative 

Solvency    (Kauri-Butanol)      .    ,    .    •    .    •    ,   4I  cc(a)  77  degrees 

F.  Min. 

(b)  Pipentine  shall   have  the  following  properties: 

Maximum         IitLnimum 

S.ecific  Gravity  at    15.5°C.  0.854  0.845 

Refractive  Index  at  20^C.  1.477  1.47? 

Unpolymerized   Residue    (percent)  2.5 
(38r^S04) 

A.S.T.M.  Distillation  Range: 

5?  Distilling  at 173  degrees  C. 

10^  Distilling  at    ... 175  degrees  C. 

975?  Distilling  at ►  .    .    .     188  degi-ees  C. 

Color-Lovibond  300  Amber .  3 

Appearance:     Clear  and   free  from  suspended  matter. 

(c)  Toluol  shall   conform  to  U.   S.   I^vy  Department  Specification 
52T7  entitled    "Toluene    (Toluol),"    except   that   it   shall  have  a  solvency 
(Kauri-Butanol  Utethod)  of   not  less  than  100  cc.  at  77  degrees  F. 

(d)  Xylol   shall  conform  to  A.S.T.M.  Specification  D364-36  for 
"Industrial  Xylene   (Xylol)   or    'Solvent  Ifephtha,'"   except  that   it  shall  have 
a   solvency   (Kauri-Butanol  ^thod)   of   not  less   than  93  cc«  ^t  77  degrees  F. 

(e)  Normal  Butyl  Alcohol   (Butanol)   shall  conform  to  A#S.T.M. 
Specification  D304-33  for   "Butanol    (iformal  Butyl  Alcohol)," 

(f )  Ethylene  Glycol  Monoethyl  Ether  shall  conform  to  A.S.T.M. 
Specification  D331-35  for   "Ethylene  Glycol  Monoethyl  Ether." 

13-11.     MISCELIAKBDUS  MATERIALS. 

(a)  Oil,   Linseed  JJJ -0-331  for   "Oil;   Linseed,  Boiled,"  or 
JJJ-O-336,    for   "Oil;   Linseed,  Raw,"   as  specified  or  required. 

(b)  Insulating.  Varnish,  U.  S.   Ifevy  Department  Specification 
52-V-13b,    entitled   "Varnii ') ;    Insulating,    (for)  Electrical  Purposes." 

(c)  Creosote  Paint  for  surface  treatment  of   timber  shall  conform 
to  Federal  Specification  TT-W-5^^1a.   entitled   "Wood  Preservative;   Creosote 

(for)  Brush  and  Spray  Treatment."  ,    ,,   .  •    ,, 

^        ^  (d)  Ortho-Phosphoric  Acid    (HqPO/^).      shall  be  a  commercially  pure 
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product,    in  liquid  forra,   containing  not  leas  than  75  percent  HoPO^. 

(e)  Sodium  Dichronate,    (Na2Cr207)   shall  be  a  comoe^ciilly  pure 
product  in  crystalline   form  containing  not  leas  than  85  percent  Na2Cr2C7. 

(f)  Sand  siiall   be   perfectly  clean,  dry,  de-dusted,   silica  sand 
particles,   graded  so  that   not  raore  than  5  percent  will   be  retained  oil  a 

IJo.  30  mesh  sieve   and  not  more  than  5  percent  v/ill  pass  a  Ko.   ^0  inosh  sieve, 
and  shall  be  obtained  by  a  wet-washing  process. 

13-12.     INSPECTION. 

(a)  unless  otherwise   specifically  authorized,   inspection  of  all 
materials  for  the  paints  and  cheiaical  rust   inhibitor  and  the  inanufacturo 
thereof,  will  be  made  by  a  representative  cf  the   contracting  officer.     aH 
saiiiplcs  of  materials  and  of  the   finished  pFocessed  products  will  be  tested 
and  analyzed  for  confca:TTiity  with  the  specification  by  the  GovernEient,     The 
inspector  will   collect   for  testing,   sanples   of  each  of  the  materials  to  be 
used  in  the  manufacturing  processes  and  will   then  seal  the  material   con- 
tainers until  test  results  from  the   sainples   indicate  that   the  various 
materials  conforn!  to  specificaticns.     He  ^vill  witness   the  breaking-  of   the 
seals  on  the  approved  materia]  "containers  and  the   ccnipour.ding  of  the 
materials  for   the  product   being  manufactured,  will  collect    sair^les  of   the 
finished  product   for  testing,   and  will  witness  the  placing,   sealing, 

and  labeling  of  the  finished  product   in  containers  for  shipment.    After 
the  finished  products  have  successfully  passed   the  prescribed  test,   ship- 
ment of  the   sealed  containers  will  be   authorized, 

(b)  In  the  case   of  ready-mixed  and  packaged  paints  of  standard 
manufacture,   other  than  those    specified  by  trade  name,   the   contractor  shall 
furnish  a  sanple  in  the   standard  stock  package,  together  with  a  certified 
copy  of  the   casplete  chemical  analysis,  for  test  and  approval  by  the 
contracting  officer, 

13-13.     PAINT  FOR  .MAINTENAICE.-  To  insure   that  paint  used  for  main- 
tenance after  completion  of  the  work  shall  match  the  original,  the  con- 
tractor shall  furnish  to  the  Government  not  less  than  one   ^llon  and  not 
more  than  ten  ^Hons  of  each  color  used.     The  quantity  of  each  color 
fvirnished  shall  be  determined  by  the  contracting  officer  from  consideration 
of  the  severity  of  usage  to  which  the  surface  on  which  it   is  applied  is 
likely  to  be   subjected, 

13-14.     PAINT  OUTLINE. 

(a)     Ifetal  work  shall  be   treated  and  painted  as  outlined  in 
the  following  paint  outline.     Items  requiring  pointing  that  may  not  be 
specified  or  listed  shall  be  painted  as  directed  by  the   contracting 
officer. 
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13-15*  PAYIkENI'  for  all  paint  and  painting  will  be  included  in  the 
Contract  price  for  the  respective  metals  or  i tenia  painted,  and  in  the 
contract  prices  for  the  installation  of  equipsnent. 

13-l6,  STORAGE,  «  The  cbntractor  shall  store  all  paint  naterials  euid 
tools  and  do  all-  mrtTrfng  of  paints  only  in  areas  directed  by  the  contracting 
officer. 

Only  as  much  material  as  may  be  used  during  a  reasonable  time  shall  be 
mixed  at  one  time  and  all  other  paints  shall  remaitt  "in. their  original 
containers  with  unbroken  seals*  Stores  of  mixed  paints  shall  be  protected 
at  all  times  to  prevent  intrxisioii  of  dirt  or  foreign  material. 

Oily  rags  and  waste,  when  not  in  use,  shall  at  all  times  be  kept  in 
fireproof,  metallic  containers  subject  to  the  approval  of  the  oootracting 
officer,  and  large  accvimulations  of  such  material  shall  not  be  allowed  to 
remain  on  the  work.  Highly  inflaznmable  materials  in  daily  use  shall  be 
kept  in  containers  not  exceeding  one  gallon  capacity  each,  and  they  shall  be 
stored  outside  the  building  when  not  in  continual  use. 
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Specifications:       Bamhart  Island  Paverhouse 

SECTION  XIV 

MISCELLANEOUS   TFEIH 

14-01.        TILE  GAGi^S.- 

(a)  General.  -  Two  tile  gages  for  indicating  the  elevation 
of  the  water  surface  shall  be  constructed  in  recesses  provided  therefor 
in  the  masonry  walls.  They  shall  be  accvirately  graduated  in  feet  and 
tenths;  suppleraental  drawings  showing  x^equired  markings  and  details  of 
place::.ent  will  be  provided  later.  The  tiles  shall  be  soaked  in  clean 
water  for  not  less  than  24  hoiirs  iinaediately  before  placing.  They  shall 
be  imbedded  in  white  cement  Liortar,  with  sand  content  as  directed  by 
the  contracting  officer,  completely  filling  the  recess  and  all  joints 
and  air  cells  in  the  tiles.  Horizontal  joints  shall  be  1/8  inch  and 
vertical  joints  l/l6  inch  in  width.  All  joints  shall  be  neatly  painted 
with  neat  white  cement  laortar.  Upon  completion  the  entire  svirface  of 
the  gage  shall  be  thoroughly  cleaned  with  a  weak  solution  of  muriatic 
acid, 

(b)  Mater ial8«  -  Tile  for  Gages  shall  be  5  inch  by  11-7/8 
inch  by  3-3/4  inch  vitrified  fire  clay,  ceramic  glazed  load  bearing 
tile.  Variation  in  face  dimensions  shall  be  not  greater  than  l/l6  inch 
in  length  and  1/32  inch  in  width.  Tile  units  shall  be  glossy  white 
glazed  on  the  face  with  corrugated  sides  and  back.  They  shall  produce 
a  clear  ringing  sound  ^en  tapped  with  a  metal  hammer,  and  shall  be 
free  from  chipping,  spalls,  blisters  and  hair  cracks.  Numbers  and  grad* 
uations  in  glossy  black  as  required  siiall  be  accurately  and  permanently 
fused  into  the  glazed  face  of  the  respective  luiits, 

(c)  Payment,  -  Payment  will  be  made  at  the  contract  price 
per  linear  foot  for  "Tile  Gage,"  which  price  will  include  the  gages 
constructed,  secured  in  place,  neatly  finished  and  cleaned, 

14.^2    Quani  ijlUXJIiL*. 

(a)  General.  -  The  contractor  shall  furnish  and  install  all 
glass  block  panels  in  eocterior  walls  as  shown  on  detail  plans  to  be 
furnished  at  a  later  date»  or  as  directed  by  the  contracting  officer, 

(b)  Material  and  Installation,  -  Glass  block  snail  be  hollow* 
partially  evacuated  units,  similar  and  equal  to  the  Pittsburgh  Corning 
Corporations 's  "Reeded  Argus"  pattern,  or  CXen-lllinois  Glass  Company •s 
No,  402,  coated  on  the   edges  with  a  grit-bearing  water  and  alkaline- 
resistant  plastic  material.  The  glass  blocks  shall  be  installed  in 
accordance  with  the  best  standard  practice  aiid  the  manufacturer's  re- 
coninendations.  The  materials  to  properly  install  the  glass  blocks  shall 
be  approved  by  the  contracting  officer  and  shall  include  all  expansion 
joint  strips,  oakum  packing,  felts,  shearlock  bars,  wall  ties,  wall 
anchors,  caulking,  asphalt  emulsion,  and  any  other  materials  necessary 
for  a  complete  installation, 

(c)  Payment,  -  payment  for  furnishing  and  installing  glass 
block  panels  will  be  made  at  the  contract  unit  price  per  square  foot  for 
•Glass  Block,"  and  shall  include  all  work  and  materials  necessary  for 
the  coD5)lete  instfiLLlation, 

14-03  STORM  DRAINS. 

(a)  General .  -  The  work  includes  furnishing  all  material  and 
equipment  and  performing  edl  labor  necessary  to  construct  storm  drains,  in- 
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eluding  all  pip*.  Joints,  outlet  walls  and  aprons,  and  such  other 
appurtenances  as  may  be  necessary  to  provide  a  storm  water  drainage 
system  complete  in  every  respect  in  accordance  with  the  specifications 
and  drawings. 

(b)  Trenches.  -  Trenches  shall  be  excavated  with  sides 
approximately  vertical  and  the  sides  shall  be  kept  in  place  by  bracing 
and  sheeting  as  required.  The  bottom  width  of  trench  shall  allow 
sufficient  room  to  properly  lay  the  pipe  and  make  the  joints.  The 
material  excavated  shall  be  deposited  at  the  sides  of  the  trenches,  far 
enough  away  to  prevent  slides.   Excavated  material  not  required  for 
backfilling  shall  be  removed  and  deposited  elsewhere  as  directed  by  the 
contracting  officer. 

(c)  Pipe.  -  Pipe  for  storm  drains  larger  than  12  inches  in 
diameter  shall  be  reinforced  concrete  culvert  pipe,  standard  strength, 
conforming  to  the  requirements  of  American  Society  for  Testing  Materials, 
Designation  C  76-40T,  "Peinforced  Concrete  Culvert  Pipe."  Pipe  12 
inches  in  diameter  or  smaller  shall  be  vitrified  clay  sewer  pipe  con- 
forming to  the  requirements  of  Federal  Specification  SS-P-36I  for  "Pipe; 
Clay,  Sewer." 

(d)  Pipe  Laying. 

(1)  Foundation. -The  bottom  of  the  trench  shall  be  pre- 
pared in  such  a  manner  as  to  provide  a  firm  bearing  for  the  entire  length 
of  each  pipe  and  for  at  least  one-fourth  of  its  circumference,  at  the 
time  the  pipe  is  laid.  Should  the  trench  be  excavated  below  the  grade 

of  the  bottom  of  the  pipe,  it  shall  be  refilled  wi^n  material  acceptable 
to  the  contracting  officer  and  tamped  to  provide  firm  support  for  the 
pipe,  as  specified  above.  Pipe  shall  be  laid  accurately  to  the  established 
line  and  grade,  starting  at  the  lower  end.  Pipe  shall  be  laid  with  the 
bells  at  the  upper  end  and  depressions  shall  be  excavated  to  fit  the  bells* 

(2)  Placing.  -  Water  shall  not  be  allowed  in  the  trench 
while  pipe  is  being  laid,  and  pumps  shall  be  provided  if  necessary  to 
maintain  a  dry  condition.  Pipe  shall  be  cleem  when  pieced  in  the  trench, 
and  care  shall  be  taken  to  see  that  the  bells  are  free  from  earth  or 
other  foreign  matter  when  pipes  are  joined.  After  the  jute  or  hen^ 
packing  has  been  placed,  as  hereinafter  specified,  the  pipe  shall  be  moved 
into  position,  tested  for  grade  and  alignment,  and  backfilled  sufficiently 
to  maintain  the  true  position. 

(3)  Concrete  Cradle.-  Where  drain  pipe  passes  under 
railroad  tracks,  or  elsewhere  as  directed,  concrete  cradle  shall  be  pro- 
vided to  support  and  strengthen  the  pipe.  Concrete  materials  shall  be 
as  specified  in  Section  V  and  the  class  of  concrete  shall  be  Class  "B* 
as  specified  in  the  same  section.  The  concrete  cradle  shall  extend  two 
feet  beyond  the  ends  of  the  railroad  ties. 

(4)  Joints.  -  The  bell  and  spigot  ends  of  the  pipe  shall 
be  thoroughly  cleaned  before  making  the  joint.  After  the  spigot  end 
has  been  inserted  in  the  bell,  the  joint  shall  be  packed  with  jute  or 
hemp  and  thoroughly  calked  with  suitable  calking  tools  so  as  to  leave 
an  annular  space  around  the  pipe  in  the  bell,  not  less  than  3/8  Inch 

in  thickness  and  2  inches  in  depth,  for  filling  with  mortar.  No  mortar 
shall  be  placed  in  the  joint  until  the  jute  or  hemp  packing  has  been 
placed  in  the  next  two  joints,  the  pipes  properly  aligned  and  bedded, 
and  the  packing  calked.  After  the  above  preparations  have  been  made, 
the  annular  space  in  the  joint  shall  be  filled  with  portland  cement 
mortar,  well  rammed  in  with  a  wooden  calking  tool,  then  overfilled  and 
left  with  a  smooth  finished  surface.  The  mortar  shall  be  composed  of 
one  part  of  portland  cement  and  one  part  of  sand,  with  enough  water 
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added  to  get  the  proper  consistency.  The  work  must  be  watertight,  and 
leaks  or  defects  discorered  must  be  repaired.  Any  pipe  which  has  been 
disturbed  after  being  laid  shall  be  taken  up,  the  Joints  cleaned,  and 
the  pipe  properly  relaid  at  the  contractor's  expense. 

(e)  Backfilling.  -  Backfilling  of  trenches  shall  proceed  as 
rapidly  as  the  pipes  are  approved  after  laying.  In  backfilling,  except 
as  otherwise  specified,  the  earth  shall  be  tamped  arovmd  the  pipe  and 
bells  and  to  one  foot  above  the  top  of  the  pipe.  Stones  shall  be  kept 
far  enough  away  from  the  pipe  to  avoid  transmitting  concentrated  loads. 
The  remainder  of  the  filling  may  be  done  with  scrapers  or  by  hand  and 
tamped  to  the  satisfaction  of  the  contracting  officer,  and  the  back- 
fill shall  be  mounded  over  the  trench  to  one  foot  above  ground  level. 
Under  railroad  tracks  and  roadways,  the  backfill  shall  be  placed  by 
hand  to  the  top  of  the  trench  and  thoroughly  tamped  as  the  filling 
proceeds.  No  frozen  material  shall  be  used  for  backfilling  in  any  trench. 

(f)  Outlets.  -  Outlet  protection  walls  of  concrete  and  aprons 
of  concrete  and  large  stone  shall  be  constructed  at  the  outlets  of  storm 
drains.  These  walls  shall  be  standard  culvert  headwalla  as  shown  on  the 
plans  and  described  in  paragraph  15-12(a). 

14-04    CATCH  BASINS. 

(a)  General.  -  The  work  includes  fximishing  all  material  and 
equipment  and  performing  all  labor  necessary  to  construct  catch  basin 
of  concrete  or  brick,  including  furnishing  and  placing  cast  iron  inlet 
frames  and  gratings,  and  other  work  or  material  necessary  to  complete 
the  work  in  accordance  with  the  specifications  and  drawings. 

(b)  Type  and  Material.  -  Catch  basins  shall  be  rectangular 

for  shallow  basins,  and  circular  for  deep  basins,  as  shown  on  the  drawings* 
Rectangular  basins  shall  be  constructed  of  poured  concrete  and  circular 
basins  shall  be  constructed  either  of  brick,  concrete  blocks,  or  poured 
concrete,  at  the  option  of  the  contractor.  Materials  for  concrete  and 
mortar  shall  conform  to  the  provisions  of  Section  V.  Concrete  shall  be 
Class  B  as  specified  in  that  section.  Brick  shall  be  of  medium  quality 
and  conform  to  Federal  Specification  SS-B-636  "Brick;  Building  (cannon). 
Clay."  Brick  or  block  manholes  shall  be  laid  in  Portland  cement  mortar 
consisting  of  one  part  cement  to  two  parts  of  sand. 

(c)  Inlet  Frameg  and  Gratings.  -  Inlet  frames  and  gratings 
shall  conform  essentially  to  the  details  and  dimensions  shown  on  the 
drawings.  The  material  shall  be  cast  iron  conforming  to  Federal  Speci- 
fication 0,0-1-652  for  "Iron;  Gray,  Casting."  The  total  combined  weight 
of  one  inlet  frame  and  grating  shall  be  not  lesa  than  450  pounds* 

14-05    PAYMENT  FOB  STORM  IRAINS  AND  CATCH  BASINS. 

(a)  Pipe.  -  Measureiment  of  pipe  for  payment  will  be  made  from 
center  to  center  of  catch  basins.  Payment  for  furnishing  and  Instcdllng 
storm  drain  pipe  will  be  made  at  the  contract  unit  price  per  linear  foot 
for  "Furnishing  and  Installing  Storm  Drain  Pipe"  for  the  applicable  siae, 
wnlch  contract  unit  price  shall  Include  the  cost  of  excavations  for 
trenches,  except  as  noted  below,  bracing  and  sheeting,  dewatering, 
furnishing  and  layiixg  the  pipe,  making  the  Joints,  backfilling  the 
trenches,  and  other  work  necessary  for  a  C(»nplete  and  workmanlike  Job 
as  specified.  If  the  required  depth  of  trench  to  the  bottom  of  the 
pipe  exceeds  7  feet,  the  additional  excavation  will  be  paid  for  at  the 
eontraot  unit  price  for  "Excavation,  Cannon". 
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(b)  Concrete  Cradle,  -  Payment  for  furnishing  and  placing 
concrete  cradle  for  storm  drain  pipe  under  railroad  tracks  or  elsewhere 
as  directed  will  be  made  at  the  contract  unit  price  per  cubic  yard  for 
"Concrete  Cradle  for  Storm  Drain  Pipe," 

(c)  Catch  Basins.  -  Payment  for  catch  basins  complete,  in- 
cluding excavation,  backfill,  inlet  frames  and  grating,  material  and 
labor  will  be  made  at  the  respective  contract  unit  prices  each  for 
■Catch  Basins,  Rectangular"  or  "Catch  Basins,  Circular." 

(d)  Outlets.  -  Payment  for  outlet  protection  walla  and  aprons 
complete,  will  be  made  at  the  contract  unit  price  each  for  "Culvert  Head- 
walls,  Standard",  (See  also  paragraph  13-12(b)). 
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Specifications t  Barnhart  Island  Powerhouse 

SECTION  XV 
RAILROAD  AND  HIGHWAY. 
15-01.   GENERAL.  - 

(a)  Parranent  Railroad  and  Highway.  -  The  contractor  shall 
construct  a  permanent  railroad  and  hi^way,  extending  from  the  working 
limits  of  Long  Seult  Dan  to  the  abutment  of  the  row»rhOtta«  on  Barnhart 
Island,  and  from  ends  of  railroad  and  highway  built  by  others  on  the 
Canadian  side  to  the  powerhouse  connections  as  shown  on  the  drawings. 

(b)  Acc^pq  to  Site.  -  A  permanent  railroad  and  a  permanent 
highway  will  be  built  by  others  on  the  Canadian  side,  extending  from 
respective  points  on  the  existing  Canadian  National  Railway  and  New 
York  Central  Railroad,  and  Kings  Highway  No.  2,  then  both  crossing  a 
bridge  over  Lock  I9  on  the  Cornwall  Canal,  thence  along  the  canal  bank 
to  the  site.  These  facilities  will  be  built  prior  to  this  contract, 
and  may  be  used  by  other  contractors.   (See  also  paragraphs  l-14t  1-19* 
and  1-36) 

(c)  Use  and  Mqjntenanoe.  - 

(1)  The  contractor  ahall  mnintein  in  serviceable  con- 
dition during  the  life  of  the  contract  the  permanent  railroad  and  per- 
manent hi^way  built  by  others  and  all  permanent  railroads  and  per-  . 
nranent  high^tays  built  by  him,  to  the  satisfaction  of  the  contracting 
officer. 

(2)  The  permanent  railroad  and  highway  bridge  over  Lock 
19  sb!^ll  be  maintained  by  the  contractor,  but  The  Department  of  Trans- 
port of  Canada  will  operate  the  structure. 

(3)  The  contractor  for  the  construction  of  Long  Sault 
Dam  shall  have  the  privilege  of  constructing  a  temporary  railroad  and 
highway  at  fhe   site,  (see  also  paragraph  1-36), 

(k)     No  separate  payment  will  be  made  for  maintenance 
described  in  par.  15-'^1  (c)  (1)  and  the  cost  thereof  shall  be  included 
in  other  bid  items. 

(d)  Tbe  following  specifications  (paragraphs  15-02  to  15-15  In- 
clusive) apply  only  to  the  permanent  railroad  and  highway  construction  in- 
cluded in  this  contract. 

15-02.   FORMATION  OF  ROADBEDS.  - 

(a)  Alignment.  -  The  center  of  roadbed  for  the  permanent  imil- 
toad  and  highway  sp-^cified  in  paragraph  15-01,  shall  conform  in  allgn- 
nent  to  that  shown  on  the  drawings. 

(b)  Grade  Line.  -  The  gnade  line  on  the  alignment  drawings 
for  the.  railroad  denotes  top  of  rail.  The  grade  line  for  the  highway 
indicates  the  top  of  the  finished  roadway  surface. 

15-03.   CLEARING  AND  GRUBBING.  -  Clearing  and  grubbing  shall  con- 
form to  paragraph  3-01 ♦  ®^d  no  separate  payment  will  be  made. 

15-04.   EXCAVATION  AND  EMBANKMENT.  - 

(a)  Excavation  and  embankment  construction  shall  conform  to 
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Sections  III  and  IV.  All  embankment  shall  be  Class  II  fill  as  specified 
in  paragraph  i|.-04»  Payment  will  be  made  at  the  respective  contract  unit 
prices  for  the  various  items  of  work  required.  (See  paragraphs  3-D7  (b) 
and  k'Ok   (i)). 

(b)  Slopes  for  Grading. 

Xl)  (Shading  shall  be  to  the  slopes  shown  on  the  drawings  or 
as  otherwise  directed  by  the  contracting  officer. 

(2)  Should  unforaeen  conditions  arise  or  materials  of  un- 
expected nature  be  encountered  at  any  time  after  the  excavation  has 
been  started,  the  contracting  officer  may  require  the  steepening  or  flat- 
tening or  benching  of  such  slopes. 

15-05.  EXCAVATION  BELOW  GRADE.  -  Excavation  for  the  highway  road- 
bed shall  be  carried  to  a  depth  of  15  inches  below  the  grade  line.  T^e 
roadbed  shall  then  be  moistened  if  deemed  necessary  by  the  contracting 
officer  and  compacted  to  final  dimensions  and  grades  in  the  manner  and 
to  the  density  required  for  Class  II  fill  as  specified  in  paragraph  ii-Oi;, 
The  finished  roadbed  for  the  highway  shall  be  formed  by  placing  9  inches  of 
gravel  as  specified  in  paragraph  15-II.  Excavation  below  grade  will  be 
paid  for  at  the  contract  unit  price  for  •Excavation,  Common". 

15-06.  DISPOSAL  OP  EXCAVATED  MATERIALS.  -  It  is  intended  that  all 
suitable  materials  excavated  from  railroad  and  highway  excavatipn  will 
be  placed  in  roadway  embankments  except  as  provided  in  paragraph  15-O7. 

15-07.  SPOIL  AREAS.  -  Materials  to  be  wasted  shall  be  deposited  in  the 
dee^gnittd  apell  areas  shown  on  the  drawings  or  in  such  other  areas  as  the 
contracting  officer  may  designate.  The  low  places  in  the  designated  spoil 
areas  shall  first  be  filled  to  a  uniform  grade  as  directed  by  the  contrac- 
ting officer  end  additional  waste  material  shall  then  be  deposited  uniformly 
over  the  designated  area.  Upon  completion  of  wasting  operations  the  con- 
tractor shall  dress  the  spoil  area  to  a  uniform  grade,  sloping  away  from 
the  roadbed  with  no  slopes  steeper  than  four  horizontal  to  one  vertical 
(4j1)»  all  to  satisfaction  of  the  contracting  officer. 

15-08.   BORROW  AREAS. 

'      (a)  Classification.  -  Borrow  areas  for  the  various  classes 
of  materials  are  as  follows: 

(1)  Borrow,  Unclassified.  -  Materials  for  required  rail- 
road and  highway  embankments,  in  excess  of  materials  secured  from  road- 
way excavationa  and  other  required  excavations,  shall  be  secured  from 
borrow  areas  adjacent  to  the  roadway  as  designated  on  the  drawings  or  as 
directed  by  the  contracting  officer.  The   selection  of  the  materials  from 
the  borrow  areas  and  the  placing  of  the  materials  in  the  embankments  shall 
be  subject  to  the  approval  of  the  contractihg  officer. 

(2)  Gravel  Borrow.  -  Bank  run  gravel  for  surfacing  the 
roadbed  for  the  railroad  and  for  the  highway  shnll  be  obtained  from  sources 
approved  by  the  contracting  officer.  The  general  requirements  and  infor- 
mation in  paragraph  I-I6  shell  apply  to  gravel  for  roadbeds. 
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(b)  Slopes  and  Berms  of  Borrow  Pits.  -  Side  slopes  of  borrow 
pits  will  usually  be  four  horizontal  to  one  vertical  (4:1)«  An  undis- 
turbed berm  of  not  less  than  25  feet  shall  be  left  between  the  toe  of  the 
slope  of  embankments  and  the  edges  of  the  borrow  pits*  An  iindisturbed 
berm  of  not  less  than  10  feet  shall  be  left  between  the  top  of  the  out- 
side elope  of  the  borrow  pit  and  the  right-of-way  lino. 

(c)  Staking  of  Borrow  Pits.  -  Excavation  in  borrow  pits  shall 
be  performed  so  as  to  leave  as  uniform  a  section  as  practicable  in  order 
to  permit  ready  and  accurate  measurement.  The  depth  of  excavation  in 
borrow  pits  shall  be  as  directed  by  the  contracting  officer  and  will  be 
dependent  upoh  the  suitability  of  the  materials  encountered  in  each  speci- 
fic location. 

(d)  Drainage  and  Final  Dressing;  of  Borrow  Pit^.  -  Borrow  pits 
shall  be  excavated  to  a  uniform  grade  and  properly  sloped  and  ditched  so 
as  to  drain  to  the  edge  away  from  the  roadway  and  to  the  nearest  water 
course.  The  slopes  of  borrow  pits  shall  be  carefully  dressed  to  the  required 
slope  and  the  bottom  dressed  to  a  uniform  grade. 

15-09,  DITCHES. 

(a)  Ditches  shall  be  excavated  on  the  uphill  side  and  above 
all  excavations  where  the  original  ground  slopes  toward  the  roadway,  and 
elsewhere  as  indicated  on  the  drawings  or  ordered  by  the  contracting  officer. 
Intercepting  ditches  shall  also  be  constructed  at  the  foot  of  all  anbank- 
ments  where  deemed  necessary  and  to  the  waterway  which  is  provided  to  take 
the  drainage  under  the  roadway.  Where  directed  by  the  contracting  officer 
Intercapting  ditches  shall  be  excavated  in  advance  of  roadway  excavation 

and  embankment  placing.  Idaterial  excavated  from  intercepting  ditches  shall 
be  placed  on  the  downhill  side  of  the  ditch  and  shall  be  neatly  formed  and 
sloped  to  an  eirbankment  section  as  directed  by  the  contracting  officer. 

(b)  Riyment.  -  Ifeyment  will  be  made  at  the  contract  unit  price 
per   cubic  yard  for  "Excavation,  Common*.   (See  also  paragraphs  3-0?  (b) 
(1)  and  15-04) 

15-10.  SUPERELEVATION.  -  The  topte  of  embankments  for  railroads  and 
highways  constructed  on  curved  alignment  shall  be  elevated  as  directed 
by  the  contracting  officer. 

Hi^way  widening  shall  be  as  indicated  on  the  drawings. 

15-11.   GRAVEL  FILL  BASE.- 

(a)  Material  for  gravel  fill  bases  where  indicated  on  the  draw- 
ings shall  be  run-of-bank  send  and  gravel  passing  a  4  inch  mesh  screen  as 
approved  by  the  contracting  officer.  Gravel  containing  an  excess  of  clay, 
silt  or  other  ;insuitable  materials  as  determined  by  the  contracting  officer 
shall  not  be  used.  Embankments  shall  be  constructed  to  final  dimensions 
and  grades  free  from  ruts  and  depressions  prior  to  the  placing  of  gravel. 
Placing  and  compaction  of  the  gravel  base  shall  be  done  in  accordance  with 
the  specifications  of  the  State  of  New  York.  Division  of  Highways,  item  39 
-  "Foundation  Course,  Run-of-Bank  Gravel", 


15-3 


(b)  Payment*  -  Pfiyment  will  be  made  at  the  contract  unit  price 
per  cubic  yard  for  •Gravel  Fill  Base",  measured  to  the  lines  indicated  on 
the  drawings. 

15-12.   CULVERTS.  - 

(a)  The  contractor  shall  furnish  all  materials,  labor  and  equip- 
ment required  for  installing  corrugated  iron  drainage  culrerts  conforming 
to  the  requirements  of  paragraph  6-06,  as  indicated  on  the  drawings,  Tfee 
lengths  of  culverts  shall  be  as  directed  by  the  contracting  officer.  Each 
culvert  shall  be  provided  v;ith  a  standard  culvert  headwall  at  each  end,  un- 
less otherwise  directed  by  the  contracting  officer.  The  outlines  and  dimen- 
sions shall  be  as  shown  on  the  drawings.  Concrete  shall  be  Class  B  as  speci- 
fied in  Section  V. 

(b)  Ra^Tpent.  -  Bsyment  for  furnishing  and  installing  culverts  will 
be  made  at  the  contract  unit  price  per  linear  foot  for  "Pipe;  Corrugated  Iron,' 
of  the  applicable  diameter.   Earthwork  will  be  paid  for  as  indicated  in  para- 
graph 15-04  (a).  Payment  for  standard  culvert  headwalls,  complete,  will  be 
made  at  the  contract  unit  price  each  for  "Culvert  Headwalls,  Standard,"  (see 
also  paragraph  1^-06  (d)),  which  price  shall  include  furnishing  and  construct- 
ing forms,  transporting  materials,  mixing  and  placing  concrete,  and  furnishing 
and  placing  the  stone  apron.   Cement  and  aggregate  for  the  concrete  will  be 
furnished  by  the  United  States  at  the  usiaal  points  of  delivery  for  such  mater- 
ial at  the  powerhouse  site  (see  par.  1-10). 

15-13.   BALLAST  FOR  RAILROAD. 

(a)  Materials.  -  Crushed  rock  for  ballast  shall  conform  to  the 
latest  A.R.  E.  A.  "Specifications  for  Stone  Ballast".  Under  quality  require- 
ments of  this  specification  the  test  limits  under  "Suggested  Specification 
Limits"  shall  conform  to  the  requirements  of  Clpssification  C. 

(b)  Ballasting  and  Surfacing.  -  The  Contractor  shall  furnish 
and  spread  ballast  of  the  kind  and  quality  specified,  raise,  line,  surfaca 
and  tanqp  the  track  to  stakes  set  by  the  contracting  officer,  and  finish  the 
ballast  surfaces  accurately  to  the  detailed  section  shown  on  the  drawings  to 
the  satisfaction  of  the  contracting  officer. 

(c)  Measurement  and  Payment.  -  Ballast  material  accepted  and 
placed  as  a  part  of  this  work  will  be  measured  in  cubic  yards  within  the  sec- 
tion ss  shown  on  the  plana,  and  no  payment  will  be  made  for  additional  quan- 
tities required  to  provide  for  shrinkage  and  settlement  into  the  roadbed,  super- 
elevation of  outer  rail  on  curves,  for  hand-car  rests,  road  approaches  and  croaa- 
ings,  handcar  houses,  etc.  Volume  of  ties  lying  within  the  ballast  sections 
shall  be  deducted  using  nominal  7"x9"  dimensions  in  computing  quantities  of 
ballast.  Payment  will  be  made  at  the  contract  unit  price  per  cubic  yard  for 
•Ballast."  This  payment  shall  constitute  full  compensation  to  the  contractor 
for  all  expense  necessary  to  furnish  and  transport  ballast  material  to  the 

work  and  placing  in  full  conformity  with  the  Plans  and  Specifications. 

15-U.  TIES. 

(a)  Physical  Requirements.  -  Croea  ties  shall  be  sawed  or  hawed 
ties,  8  feet  long,  and  shall  ddnffilftl  to  Federal  Specif icat  ioo 
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M'i-T-371  dated  r.]ay  26,  I937  for  "Ties,  V/ood;  Cross  and  Switch",  size  No. 
5,  7  inches  thick  by  9  inches  wide  on  top.   All  ties  shall  be  creosote 
treated  in  conformity  with  the  latest  Federal  Specifications.   Switch  ties 
shall  conform  to  the  quality  of  the  above  specifications,  and  their  lengths 
will  be  as  snown  on  tlie  plans. 

(b)  riacinp..  -  All  niaintrack  shall  be  laid  with  18  cross  ties 
per  33  foot  rail,  and  side  tracks  with  I6  cross  ties  per  33  foot  rail.  A 
proportionate  number  of  ties  shall  be  laid  under  shorter  rail  sections. 

(c)  f.ieasurement  and  Payment.  -  Leasurement  for  ties  will  be  per 
cross  tie,  and  payment  for  furnishing  and  installing  will  be  made  at  the 
contract  unit  price  each  for  "Cross  Ties",  and  shall  include  switch  ties 
and  all  treatment  and  expense  necessary  to  furnish  and  place  ties  in 
accordance  with  the  plans  and  specifications. 

15-13.  TRACK.  - 

(a)  toterials.  -  The  contractor  shall  furnish  all  rails,  tiornouts, 
and  appurtances.  Pails  shall  weigh  90  pounds  per  yard  and  rails  and  fittings 
shall  conform  to  the  requirements  of  paragraph  6-0?.  Turnouts  shall  be  as 
shown  on  the  drawings. 

(b)  Laying." 

(1)  Rails  shall  be  spiked  with  four  spikes  per  tie  on  tangent 
track  and  spikes  staggered  in  each  tie  plate.  On  ciorved  track  two  additional 
spikes  per  tie  will  be  required  unless  otherwise  directed  by  the  contracting 
officer  and  these  spikes  must  be  placed  on  the  inside  of  each  rail. 

Spikes  must  be  started  vertically  and  squarely  in  spike  holes  of  the 
tie  plate  and  driven  straight  to  full  bearing  on  the  base  of  the  rail.  Where 
spikes  are  withdrawn,  the  hole  must  be  plugged,  using  a  standard  tie  plug 
at  the  contractor's  expense. 

(2)  Tracks  must  be  laid  to  standard  gage  of  four  feet, 
eighth  and  one-half  inches  on  tangents  and  on  curves  of  six  degrees  or  less. 
Gage  shovild  be  widened  one- sixteenth  of  an  inch  for  each  degree  over  6 
degrees  to  a  maxlmom  of  four  feet  nine  inches  as  directed  in  each  case  by 
the  contracting  officer.  The  alignment  must  be  maintained  on  outside  rail 
and  the  extra  width  of  gage  applied  to  Inside  rail.  This  extra  width  should 
be  uniformly  decreased  on  the  spiral  frcm  the  point  of  the  circvilar  curve 

to  the  point  of  tangent,  or  uniformly  graduated  in  the  first  rail  length 
of  a  simple  curve. 

(3)  Alignment  of  tracks  shall  conform  strictly  to  the 
center  line  stakes  and  the  top  of  rail  shall  conform  strictly  to  the  grade 
stakes.  Bails  must  be  laid  with  broken  joints  in  all  tracks.  In  main  track 
the  joints  on  one  side  must  not  vary  more  than  one  foot  in  either  direction 
from  the  midpoint  of  the  opposite  rail.  Rails  less  than  standard  length 
shall  be  used  for  the  inside  rail  on  curves  to  bring  the  joints  to  their 
proper  position.  When  laying  up  to  the  switches  a  combination  of  rails 
less  than  standard  length  must  be  used  to  avoid  cutting  if  practicable. 

(4)  In  laying  rail  the  ends  shall  be  properly  spaced  to 
allow  for  expansion  as  directed  by  the  contracting  officer  and  rails  must  be 
laid  consecutively  to  line  and  gage,  one  at  a  time  and  full  bolted  before 
spiking.  The  practice  of  coupling  up  long  stretches  of  rail  and  subsequently 
throwing  to  line  will  not  be  permitted. 

(5)     In  cutting  rail,  a  saw  or  chisel  should  be  used.  Use 
of  torch  will  not  be  permitted  in  cutting  rails  or  bolt  holes.  All  necessary 
new  bolt  holes  shall  be  drilled. 
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(6)  Joints  must  be  properly  put  on  with  the  full  n^umber  of 
bolts,  nuts,  spring  washers  and  nuts  screwed  up  tight.  Bolts  must  be  gone 
over  and  retightened  at  short  intervals  until  all  are  tight.  Bolts  shall 
be  placed  with  nuts  alternately  on  the  inside  and  outside  of  rails.  Spikes 
should  not  be  driven  in  the  joint  bar  slots  or  at  the  ends  of  the  joint 
bars  where  the  spikes  may  interfere  with  free  movement  of  the  rails. 

(7)  When  laying  rails,  care  must  be  taken  to  avoid  locating 
joints  in  road  crossings,  in  handcar  set-offs  or  on  ends  of  bridges  or 
trestles. 

(8)  Anti-creepers  to  prevent  longitudinal  movement  of 
rail  in  track  shall  be  installed  as  directed  by  the  contracting  officer. 

( c )  Measxirement  and  Payment. - 

(1)  Measurement  for  track  laying  will  be  made  along  the 
centerline  from  the  point  of  beginning  to  the  point  of  ending. 

(2)  Payment  for  track  laying  shall  include  the  furnishing 
of  all  rails  and  appurtenances  and  will  be  made  at  the  contract  unit  price 
per  track  foot  for  "Track  Laying". 

15-16.   SIGNS  AND   MARKERS.  - 

(a)  All  necessary  signs  and  markers  shown  on  the  ^drawings  or 
required  by  the  contracting  officer  shall  be  installed  conforming  to  the 
standards  of  the  New  York  Central  Railroad. 

(b)  Payment.-  Payment  for  all  signs  and  markers  shall  be  included 
in  the  contract  unit  price  for  "Track  Laying". 

13-17.   BITUMINOUS  MACADAM  ROAD  SURFACING.- 

(a)  General.-  On  top  of  the  9  inch  gravel  base,  (paragraph 
15-11),  the  bottom  course  of  the  roadway  surfacing  shall  be  a  i;  inch 
bituminous  macadam  penetration  course,  and  the  top  course  2  inches  plant 
mix  bituminous  macadam. 

(b)  Bottom  Course.-  The  bottom  course  bituminous  macadam 
shall  be  k   inches  thick  after  compaction  and  rolling.  The  materialst 
methods  of  work,  surface  testing,  and  other  items  shall  conform  to  the 
specifications  of  the  State  of  New  York,  Division  of  Highways,  Item  45- 
S  -  Bottom  Course  Bitvmiinous  Macadam  -  Penetration  Method.  The  asphalt 
shall  conform  to  Item  dliP-A   and  the  amount  used  shall  be  two  gallons  per 
square  yard  or  as  ordered  by  the  contracting  officer, 

(c)  Top  Course.-  The  top  course  bittuninous  macadam  shall 

be  2  inches  thick  after  compaction  and  rolling.  The  materials,  method  of 
work,  surface  testing,  and  other  items  shall  conform  to  the  specifications 
of  the  State  of  New  York,  Division  of  Highways,  Item  53-Top  Course 
Bituminous  Macadam  -  Mixing  Method,  Type  3« 

(d)  Payment.-  Payment  for  the  bottom  and  top  course  of 
road  siirfacing  will  be  made  at  the  contract  unit  price  per  square  yard 
for  "Road  Surfacing"  which  payment  shall  include  all  materials,  plant, 
and  labor  necessary  for  completion  of  the  roadway  in  accordance  with 
the  drawings. 

15-18.   HIGHWAY  GUARD  RAiL. 

(a)  General.-  A  two  wire  guard  rail  shall  be  installed  on 
both  sides  of  all  embankments  where  the  height  from  toe  of  slope  to 
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edge  of  shoulder  is  greater  than  3  feet  and  elsewhere  as  directed  by  the 
contracting  officer.  Posts  shall  be  8  inch  diameter  fir,  sound  and  free 
frcan  defects.  All  posts  shall  be  pressure  creosote  treated  for  the  full 
length  in  accordance  with  the  requirements  of  Federal  Specification 
TT-W-571a  for  •Wood-Preservative;  Preservative-Treatment"  as  shown  in 
Table  I  for  empty-cell  treatment  of  structural  timber  for  the  size  and 
material  indicated,'  Creosote  shall  conform  to  Federal  Specification 
TT-W-566,  All  holes  shall  be  drilled  before  creosoting.  Wire  rope  shall 
conform  to  Federal  Specification  RR-P-571*  amendment  4t  dated  January  19^1 » 
for  "Rope,  Wire",  for  Type  III,  3  ^Y  7»  annealed  steel,  galvanized  wire 
rope.  Anchor  rods,  clamp  bolts,  and  all  metal  parts  and  fittings  shall 
be  galvanized  iron.  The  posts  shall  be  set  plvimb,  evenly  spaced,  and  true 
to  lines  and  grades  as  indicated  on  the  drawings.  The  wire  shall  be  put 
through  hook  bolts,  or  through  posts  as  required,  and  shall  be  drawn  taut 
and  fastened  securely  on  both  ends  as  indicated.  Where  necessary,  cable 
shall  be  neatly  and  carefully  spliced  or  joined  by  means  of  metal  sockets 
into  which  the  cable's  ends  are  securely  fastened  by  poiiring  full  of  molten 
zinc.  Deadman  type  anchors  shall  be  provided  at  the  ends,  and  at  intervals 
of  600  feet  as  indicated  on  the  drawings. 

(b)  Measurement  and  Payment,-  Payment  for  furnishing  and  in- 
stalling guard  rail,  complete,  will  be  made  at  the  contract  unit  price  per 
lineal  foot  for  "Highway  Guard  Rail."  Measurement  will  be  made  from  center 
to  center  of  end  posts  plus  an  allowance  of  I5  feet  for  each  anchorage, 

15-19*  SEEDING,-  Seeding  of  any  slopes  as  required  by  the  con- 
tracting officer  shall  meet  the  requirements  of  paragraph  4-09 • 
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Specifications:     Barnhart  Island  Powerhouse 

SECTION  X7I 

GOVERmENT  FIELD  OFFICE 

16-01,  GENERAL.  -  The  contractor  shall  construct  a  tempory  field  office 
for  use  by  the  field  force  of  the  contracting  officer,  complete  and  ready  for 
occupancy  in  accordance  with  the  drawings  and  specifications.  The  contractor 
shall  complete  the  field  office  to  such  extent  as  will  permit  occupancy  with- 
in 30  calendar  days  after  date  of  receipt  of  notice  to  proceed,  and  the  entire 
building  complete  with  all  fixtures  and  installations  shall  be  completed  with- 
in 60  calendar  days  after  receipt  of  notice  to  proceed.  The  building  will  be 
located  at  a  site  to  be  selected  by  the  contracting  officer  after  award  of  the 
contract.  It  is  the  intent  of  the  Government  to  locate  the  building  in  the 
proximity  of  the  contractor's  office  and  shops  at  the  site  of  the  work.  All 
materials  specified  shall  conform  in  all  respects  to  current  Federal  Speci- 
fications whenever  applicable.  All  other  materials  shall  be  as  specified  or 
otherwise  required  by  the  contracting  officer, 

16-02,  FEDERAL  SPECIFICATICO^S,  -  Applicable  Federal  Specifications  for 
materials  required  for  the  field  office  are  as  follows: 

FEDERAL  SPECIFICATIONS 


I 


tdaterial 
Galvanized  Iron 

Steel  Pipe 

Glass 
Lumber 

Pipe  -  Soil 
Pipe-Fittings 


Roofing 


Plumbing 


Serial  Number 
QQ- 1-696 

WW-P-403a 

DD-G-451 

l.M-L-751b 

BE-M-61 

WW-P-401 

Wl-P-501a 

WW-P-521a 

SS-R-521 

WW-P-541a 
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Title 


Iron  and  Steel;  Sheet, 
Black  and  Zinc-Coated 
(Galvanized). 

Pipe;  Steel  and  Ferrous-' 
Alloy,  Wrought,  Iron- 
Pipe-Size 

Glass;  Flat  (for) 
Glazing  Purposes 

Lumber  and  Timber;  Soft-j 
wood 

Magnesia;  Block,  Cement, 
and  Pipe  Covering  (Molded) 

Pipe  and  Pipe-Fittings; 
Soil,  Cast-iron 

Pipe  -  Fittings;  Cast- 
iron  (threaded) 

Pipe  -  Fittings;  Mal- 
leable -  Iron  (threaded) 
150  pounds 

Roofing  and  Shingles; 
Asphalt  Prepared, 
Mineral-Surfaced 

Plumbing  -  Fixtvires;  (for) 
land  use 


I 


Material  Serial  Number  Title 

putty  TT-P-791a  Putting;  Pure -Linseed  Oilt 

(for)  Wood-Sash  Glazing 

Venetian  Blinds  LLL-'B-khl  Blinds;  Venetiant  Wood-Slat 

(Type  I) 

Sheathing  Paper  UU-P-536  Paper;   Sheatiilng,  Waterproof 

Wall  Board  SS-W-5la  &  Wall-Board;   Gypsum 

Amendment  1    dated 
October  1937 

16-03.     EXCAVATION,   FILLING  MD  GRADING 

(a)  The   contractor    shall  make    the   necessary  excavation  for  the  park- 
ing lot  area,   foundationt   footings,   fuel   tank,    septic   tank,   pipings   and  drains 
as   sho'vvn  on   the    drawings.     Tlie   contractor    shall    construct  a  parking    space   ad- 
jacent to   the    field  office   large  enough   to   accommodate  15  automobiles;    the 
area  shall   be   graded,    all   rock  or  other  obstructions  removed,   and  •tiie    area  co- 
vered vath  compacted  bank  run  gravel   to   a  minimum  depth  of  6  inches.     The   con- 
tractor  shall  provide    suitable  gravel   surfaced  drivevi/ays   from  the   parking  area 
to   the   contractor's  access  road;   gravelled  walkways  necessary  for  access  frcn 
office    to  parking  area  and  roadways  in  the   vicinity.     All  walkv/ays   shall   be 
covered  vjith  3  inches  of  rolled  bank  run  gravel  fill,   built  to  line    and  grade 
as  staked  in   the    field* 

(b)  Purnaco  Room.   -  The    foundation  area  covered  by  the   furnace   room 
shall   be   stripped  to  a  depth   sufficient   to   remove    all  vegetable  matter,   then 
refilled  and  tamped  ydHh  perrious  material   ?s  directed   by  the   contracting  of- 
ficer,  to  a  grade   4  inches  below  the  floor   grade  as  shown  on  the  drawings. 

16-04.     FOJNDATIDN.    -  The   foundation   and  footings   shall  be   of  Class   •B« 
concretet  having  1-J   inch  maximum  size   aggregate t   in  accordance  with  Section 
V -of   -these    specifications,   constructed  to  line   and  grade   as  shown  on  the    draw- 
ings.    The  foundation  posts   shall   rest  on   the    footings  and  after  being  set  to 
exact  line   and  grade    shall  be   anchored  into  place  by  backfill  thoroughly  tamped 
in  thin  layers  to   the  height  of  finished  grade   as  shown  on  the   drawings.     The 
girders   supported  on  top  of  the  posts  and  foundation   shall  be  securely  an- 
chored thereto  by  bolting  as  shown  on  the    drawings.     Bolts   in   the   foundation 
shall   be   placed  during  concreting  operations. 

16-05.     CCNCREIE   FLOORS.   -  The   floor  in  the    furnace   room   shall  be   of 
Class   "A"   concrete,    in  accordance  viith.  Section  V  of  these   specifications,   k 
inches   thick,    trowelled  level,    anooth  and  to   a  straight  edge,   or  as   specified. 
The    furnace    room  floor    shall  have   floor    drain   and  trap  located  as   shown  ori 
drawings,    set  1    inch  belov/   floor   grade    and  the   floor  trowelled   smooth   and  to 
a   straight  edge  from  the    drain,  to  floor  grade   at  each  side.     Reinforcing   for 
concrete    floors   shall  be   4-inoh  by  l2-inch  welded  wire  fabric  of  No.  10  and 
No.  12  wire   gage . 

l6-06.     FRAMING,    «  Lumber   for   framing   shall   be  equal  to  No.   2  common 
fir.     It  shall   be   thoroughly  ssasoned,    straight,  even   sawed,    squeore    cornered, 
sound  and  free   from  defects  lAhich  may  impair  Its   strength,    durability  or 
Its  usefulness,   for   the  purpose   intended.     All  lumber   shall  be  of  commercial 
sizes,    surfaced  four    sides  unless   shown  or   specified  otherwise.     The   frame- 
"work  shall   be   constructed  as   indicated  on  the  drawings  and  shall   be  erected 
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in  a  substantial  manner.  Studding  shall  not  be  spaced  over  l6  inches  on  cen- 
ters for  exterior  walls  and  not  over  24  inches  on  centers  for  interior  walls, 
doubled  at  all  openings  larger  than  the  normal  spacings  and  when  cutting  through 
joists  or  rafters,  headers  shall  be  provided  to  double  the  framing  around  the 
openings.  Double  studs  shall  be  provided  at  all  corners  of  the  building.  Knee 
braces  shall  be  provided  from  the  comer  studs  to  the  fifth  stud,  diagonally 
from  bottom  plate  to  top  plates  at  all  comers  of  the  building.  Ridge  board 
shall  be  provided  at  the  ridge  of  the  roof.  All  spiking  of  assembled  members 
of  framing  shall  be  clinched  by  not  less  than  1/4-inch,  Rafters  and  ceiling 
joists  shall  be  spaced  at  24- inch  centers  or  as  shown  on  drawing, 

16-07.  FLOORS.  -  Subflooring  shall  be  nominal  l»x6",  l"x8",  or  I'xlO" 
boards,  S4S,  laid  diagonally  with  l/l6-inch  joints  between  boards  and  nailed 
to  each  joist  with  two  lOd  nails  for  boards  6  inches  wide  or  three  lOd  nails 
for  boards  wider  than  6  inches.  Nail  heads  shall  be  driven  below  the  surface 
of  the  boards.  Asphalt  sat;irated  felt  weighing  I5  pounds  per  100  sq,  ft,  shall 
be  laid  on  the  subfloor.  The  finish  floor  shall  be  5/^*^3'   tongue-and-groove 
clear  edge  grain,  kiln  dried,  B  grade  fir  or  equal,  and  shall  be  driven  up 
tight,  blind  nailed,  sanded,  and  oiled  as  specified  in  paragraph  16-19,  All 
flooring  shall  be  satisfactorily  protected  from  dampness  and  the  weather  be- 
fore being  placed.  Floor  joists  shall  be  spaced  on  l6-inch  centers, 

16-08,  SiriNS.  -  The  outside  faces  of  the  building  shall  be  covered 
with  25/32"  asphalt-covered  fibre  sheathing  similar  and  eqUal  to  Johns- llanv ill e 
■Weathertite,"  nailed  secvirely  to  every  2"x4*  stud  with  8d  flat-headed  wire 
nails.  A  layer  of  15-pound  asphalt -saturated  felt  shall  be  applied  between 
the  sheathing  and  the  outside  siding.  The  outside  siding  is  to  be  asbestos- 
cement  shingles  similar  and  equal  to  Johns-Manville  No,  109U,  laid  according 
to  the  manufacturer's  reconmendations, 

A  20  gage  corr\;igated  galvanized  iron  flashing  shall  be  run  continuously 
along  the  sill  of  the  building  and  buried  at  least  12  inches  below  the 
finished  ground  line.  Counter  flashing  of  24  gage  galvanized  sheet  iron 
shall  be  applied  as  shown  on  the  drawings.  All  seams  shall  be  soldered. 
The  galvanizing  shall  be  Class  "D"  -  Ordinaiy  Coating, 

16-09,  ROOFING,  -  Roof  sheathing  shall  consist  of  1-inch  by  6- inch 
No,  2  fir  or  equal,  matched  and  dressed  on  both  sides  with  no  beading. 
The  roofing  shall  be  double-coated  strip  shingle  similar  or  equal  to 
■Flintkote"  roofing  weighing  not  less  than  210  pounds  per  square.  The 
roofing  shall  be  securely  fastened  with  large  headed,  3/4- inch  galvanized 
roofing  nails.  All  seams,  nail  holes  and  other  breaks  in  the  roofing  shall 
be  thoroughly  sealed  with  an  approved  mastic  roofing  cement.  The  ridge 
shall  be  covered  by  a  strip  of  roofing  not  less  than  12  inches  in  width,  bent     J 
over  the  ridge  and  securely  sealed  and  nailed  on  each  side.  Galvanized  " 

iron  flashing  shall  be  provided  and  installed  as  shown  on  the  drawings  or 
as  directed  by  the  contracting  officer, 

16-10.  WALLS  ANT  CEILINGS, 

(a)  General,  -  With  the  exception  of  the  bathroom  and  furnace 
room,  the  inside  of  all  exterior  walls,  both  sides  of  all  interior  walls 
and  all  ceilings  shall  be  covered  with  1/2- inch  insulating  board  similar 
and  equal  to  "Celotex"  extending  from  floor  to  ceiling,  secxurely  fastened 
to  all  bearings.  One- inch  quarter  round  mouldings  shall  be  provided  at 
all  corners.  The  edges  of  the  insvilation  board  shall  be  beveled  at  joints, 

(b)  Furnace  Room,  -  The  insulating  board  for  walls  and  ceilings 
of  furnace  room  shall  be  3/8- inch  gypsum  board,  applied  and  finished  in 
accordance  with  subparagraph  (a),  above. 
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(c)  Walls   and  Celling;  Bathroom*   -  The   celling   shall   "be   covered 
trlth  i-lnch  insulating  "board,    similar   and  equal  to   •Celotex."     The   Inside   of 
the  exterior  ^all    and  all   interior  walls   shall  have   a  covering  of  pressed  Tvood 
i-inch  thick  similar   to    "Tenpered  Presdwood"  manufactured    by  Masonite  Corpor- 
ation,  extending  /|'-0»   above   the   floor.     The   exterior  v;all   shall  have  l^-lnch 
Inaulatlng  board  similar   and  equal    to   "Celotex*   back  of   the  pressed  v7oodt    and 
all  walls   above    the  pressed  vrood   shall   be    covered  with  the    same   type  of  Insul- 
ating board.     Purring  strips    shall  be   used  v?here   required  to  make    the   finish 
surfaces  of  pressed  wood  and  insulating  board  flush  rhere   they  join  each  other, 
and  the   joint  shall  be   covered  v/ith  6.  moulding  of  1-luch  by  3-inch  No.    2  fir  or 
equal.     The   edges  of  the   insulation  board  shall  be   beveled  at  joints.     One-inch 
quarter  round   shall  be   placed  at  all   vertical   corners  and  in  horizontal   corners 
along  the  celling. 

(d)  Shower  Stall.  The  contractor   shall    furnish  and  install   a  com- 
mercial  shower    stall,   complete  with  fittings,   as   shown  on  the   drav/lngsi    similar 
and  equal   to   •Marine  No.  I5t*  manufactured  by  the  Flat  Metal  Manufacturing  Com- 
pany, Chicago,   Illinois. 

(e)  Celling  Insulation.   •   Between  all   celling  joists  and  extending 
over  wall   plates,    as    shown  on  the   drawings,    a  rock  fiber  or  chemically  treated 
wood  pulp  insulating  material  k  inches  nominal  thickness   shall  be    installed. 
Insufatlon      shall  weigh  not  more   than  10  pounds     peC  cubic  foot. 

16-11.     EXTERICR  TRIM.   -  Exterior   trim   shall  be   equal  to  No.    2  fir   fi- 
nishing stock  s/h-i^ch  thlok  except  as  otherwise   noted.     Door   and  window  cas- 
ings  shall   be   3/4-lnch  by  3-i  Inches  wide.     All  other  exterior  finish   shall  be 
to  size  as  Indicated  on  the    drawings.     Insulating  wool  of  a  quality   satisfactory 
to   the   contracting  officer   shall  be  placed  entirely  around  all  window  frames 
and  around  the    jambs  and  heads  of  all   door  frames   as   shown  on    drawings. 

16-12.     INTERIOR  WDOD  FINISH,    -  All   interior  wood  finish  shall  be   equal 
to  No.   2  fir  finishing    stock  throughout,  3A-lnch  or  13A6-Inch   thick  and  of 
sizes  as  Indicated  on   the    drawings.     Water  closet  stalls   shall  be   6  feet  -  ?}. 
inches  high  finished  as   shown  on  the    drawings  or   as  directed  by   the   contracting 
officer.     Over  each  lavatory  a  l6-ihoh  by  ^-^  Inch  mirror  with  white  enamel  metal 
frame    shall   be   installed.     Instrument  cabinets   shall  be   constructed  as   shown 
on   drawing  or  as  directed  by  the   contracting  officer. 

16-13.     WINDOflfS  AND  niAlES.   -  Windows   shall   be   of  stock  pattern.  No.   2 
fir,   or  equal,   double  hung  sash  as  shown  on   the    drav;ings,  glazed  with  clear 
glass.     Windows  in  ba-lhroom  shall  be    single    sash,  hinged  at  bottom    Lo  open  in- 
ward,  glazed  with   clear   glasst   a-^d  fitted  with   cabinet  latches.     All  frames 
shall   be   constructed   so   as  to   receive   screens  or  stona  windows,   and  as   shown 
on  the    drawings.     All  glass  will  be   as  specified  In  paragraph  16-02. 

16-14.     DOORS  AND  FRAMES.   -  Exterior   doors   shall  be    solid  construction, 
•  qual  to  No.   2  fir,  I-3A  inches  thick,   designed  as   siiown  on  the   drawings. 
The   upper  part  shall  be  of  glass  equal   to  that  specified  in  paragraph  l6-02t 
set  in  place  v/ith  wooden   stops  on   the   inside   and   securely  bradded  and  puttied 
outside.     Interior   doors, unless  otherwise   specified,    shall  be  1-3/8  Inches  thlokt 
equal  to  No.  2  fir   said  shall  have    five  cross  panels.     Standard  stock   doors  of 
equal  quality  and  size  will  be   acceptable.     Doors  for  water   closets   shall  be 
2'-0«  x  4*-6«  frames  made  up  of  3A*  ^  3-i*  framing  and  covered  with  pressed 
wood  1/8-lnch  thick  similar  and  equal  to   •Tempered  Presdwood*  manufactured     by 
Masonite  Corporation.     Doors  for   the   Instrument  cabinet  shall  be  l»-8«  x  7«-8« 
as   shown  on  drawings,  made   up  of  l-l/8»  x  3*  framing  and  covered  with  pressed 
wood  1/8-inoh  thick. 
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The   interior    side   of   the   furna.ce   room  door   shall   be  covered  "with  28  gage   gal- 
vanized iron   as   shown  on  the   drav/ings* 

16-15«     SCREENS,    -  All  -windo-ws   and  outside   doors   shall   he  equipped  with 
screens.     7/indov?   screen   frames  shall   be   constructed  of  No.   2  fir   or  equal, 
1-1/8  inches  thick  with   2-inch  side   and  top  r6.il  s  and  3-i  inch  bottom  rails  $ 
divided  at  the   center  horizontally  by  a  2-inoh  rail.      Screen  door   frames  shall 
be   of   same  material   and  construction  as  specified  for  windowsf   but  with  two 
horizontal   intermediate  railst   o'^o  at  2-i  feet  and  one   at  3,0  feet  from  bottom. 
Standard  stock  screen  doors  of  equal   quality  and  size  •will   be   acceptable*     All 
Specification  RR-C-451a  for   "Cloth;  Wire   Screen*.     Type  •D«t    stretched  and  se- 
cured with   suitable   wood   stripst  well  bradded.     Suitable    screens  shall  be  placed 
over   -tiie    bathroom  windows. 

16-16.     LOUVRES   ,   -  Wooden  louvres   shall  be  constructed  and  Installed  at 
both  ends  of  the   building  as   shown  on  the   drawings.     Removable  screens  and  storm 
protection  panels   shall    be   furnished  and  installed  in  louvres*    as  shown  on  the 
drawings. 

16-17.     VENETUN  BLIfTDS.   -  All    double  hung  windows,  except  in  the  furnace 
room,    shall  be   fitted  with  Venetian  blinds  with  rust  proof  hardware  flt44ai0|» 
automatic   cord  lock   stopping   device    and  spiral  gear  to   tilt  slats.     The  wooden 
slats   shall  be  finished  in  ivory  or  cream  color   and  the   tape    shall  harmonize 
with  the   finish  color  of   the  wood.     The    blinds   shall  conform  to    ■Uie   require- 
ments of  Federal   Specification  LLL-B-i|i|l  for   •Blinds;  Venetian,  Wood-Slat", 
(Type   I). 

16-18,     HARDWARE,    -  The    contractor   shall  furnish  and  install  all  hardware 
specified  below.     All  hardware    shall   be   accurately  and  securely  installed.     At 
completion,   all   keys    shall   be    delivered,   properly  labeled,   to   the   contracting 
officer.     All  hardware    shall  be   of   stock   design  with   sanded  brass  finish,   and 
shall  be  of  the    following  types,    as   specified. 

(a)  Entrance  Doors. 

2  sets  -li  prs.  of  3-|"  x  3-^*   loose  pin,  butt  hinges. 
2  cylinder  locks  with  5-i"  x  3-5/8*  x  3/k.*   case. 

(b)  Interior  Dooxa* 

6   sets  -li  prs.  of  3-i"  x  3-i*  loose  pin,  butt  hinges. 
6  Mortise  locks  ^vith  3-5/8*  x  3-7/8*  case. 

All  locks   shall   be   complete  7/1  th  two  keys  and  approved 
knobs,    latches  and  escutcheons. 

(o)     Windows. 

100  Iron  easy   spring  window  bolts  and  fasteners. 
2  prs.  1-i*  X  1-i*   tight  pin,  butt  hinges. 

(Bathroom  windows.) 

2  Cabinet  latches.    (Bathroom  windows.) 


(d)     Water  Closet  Doors 
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2  latches  and  keepers. 

2  prs.    serine  hinges   (for  3^-1  nch   doors.) 

(e)  Instrument  Cabinet; s. 

k   night  locks  complete 

li   prs.   cabinet  hinges    (   for   1-1/8  inch    doors). 

(f )  Miscellaneous. 

5^1    screen  hangors  complete 
29  -   3-inch  hooks   and  oyes. 
2  prs.    screen   door  hinges 

The    contractor    shall    furnish  and  install   all   other  hardware    and  minor  parts 
that  may  be  necessary  to  complete   the  contract. 

16-19.      PAINTING-. 

(a)  Exterior.    -  Before  applying  any  paint   the    siirface  to   bo   painted 
shall  be  thorouglily  dry  and  free   from   dirt,    oil,   grease   and  other  foreign  sub- 
stances.    As   soon    as   conpletc    the   outside    surfaces*    of  v-lndov/s,    doors t  and  screen 
frames   shall   be   given  one   priming  coat  of  paint,    conforming  to  Federal  Speci- 
fication TT-P-362  for   "Paints;  Lead-Zinc-Ease,  Ready-llixed  and  Semipaste,  "White 
and  Tinted".     After    the   priming  coat  has   thoroughly   dried,   one  finishing   coat  of 
white   outside  house  paint,    shall  be    applied  to  all  wood  surfaces,   except  the  out- 
side   trim.     All  outside    trim   surfaces   shall   be  painted  with  one    finishing  coat 

of  green,  medium  shade,  outside  paint  as  approved.  All  paint  for  finishing  coats 
shall  be  of  stock  'To.  6  B  S-lIT  ODP  '.Tlhite  Lead  as  manufactured  by  the  Sherwin  Will- 
iams Company,   or   equeJL. 

(b)  Interior.  -  All  interior  woodv^ork,  except  floors,  shall  be  paint- 
ed "With  two  coats  of  inside  paint  of  approved  manufacture  and  color.  All  finish- 
ed floors   shell   be    given  one  heavy  coat  of   boiled  linseed  oil. 

16-20.     PLUlIBlriG. 

(a)  All    labor   and  materials   required  for  installing  a  complete  plumb- 
ing  system   shall  be   provided  as   indicated  on. the    drawings   and  in  jccor dance  with 
these  specifications  and   in   accordance  with  any  State  or  local  regulation,    and 
•the  publication   "Recommended  L!inimum  Requireronts  for  Plumbing  in  Dwellings   and 
Similar   Buildings*,    issued  by  the  Bureau  of  Standards. 

(b)  The    plumbing  fixtures   and   accessories    shall  be    similar  and  e- 
qual   to  those    designated  below,   reference   being  made,   for   identification  only, 
to   catalog  numbers  as  listed  in  Kohlcr  Co.  Catalog  K-39« 

2  Closets,  No.  Brooklands  K-3940-PR   complete  with  fittings. 

2  Toilet  paper  holders. 

2  Lavatories  No.  Clare  K-3OOO-P  with  fittings. 

1  Floor    drain  and  trap. 

1   -  3»-0«  Urinal  -  Jarves  ITo.  K-5052-A  complete  with  fittings. 

(c)  The    field  office    shall   be   supplied  v;ith  a  constant  and  uninter- 
rupted potable  water   supply  of  not  less   than   ^5  and  not  more   -than  50  pounds 
per    square    inch  pressure,   furnished  by  the   contractor.     The    supply  line    shall 
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be    3-inch  pipe  placed  in   a   trench  of   sufficient  depth  and  protected  to  prevent 
freezing  in   subzero  v.'cather.     At  ihe  point  of  entrance,    in  bathroom,    a  main 
shut-off   and   drain   cock   shall   be    installed.      Pipe    sizes   aiid  valves    shall   be    as 
sho'.vn   on   the    dra^vings .     An   automatic   electric   hot  water  heater   of    30-gallon   ca- 
pacity  shall   be    furnished   and    installed.      The   heater    shall   be   similar   and  equal 
to  ^iVe  etinghouse  Electric  Manuf  ectur ing  Company's   Square   Type  Electric  water   heat- 
er,   installed   to  manufacturer's    specifications. 

(d)      The    contractor    shall  lay  a  4-inch  vitrified  pipe    sewer   line    from 
the   end  of  the   cast  iron    soil  pipe,   outside   the    building  to  the    sev.-age    disposal 
tank  located  not  less   than  50   feet  from  the   building.     Vitrified  pipe   shall   con- 
form  to    the   requirerLents  of  Federal   Specification   SS-P-36I    for   "Pipe;  Clay,    Sev;er". 
The    sewer    shall   be    laid  with  ^-inoh  to  1-foot  pitch,    true    to   line   and  grade,    and 
made   up  with  tight  joints.     The    sewage   disposal   tank  shall  be    similar   and  equal 
to  Kaustine    Standard  Series  Horizontal    Septic  Tank  ITo.   85»    and  provided  with  pro- 
per  connections   for   outlet   and   inlet  pipes.      The   outlet   shall   connect   to   a  grid 
system  not  to  exceed  78O  feet  of  4-inch  field  tile   pipe   including  connections. 
The    joints  of   the   field   tile  pipes    shall   be    laid  open,   i-inch,    and  top  half  of 
each   joint   shall   be   covere(i  with    sheathing  paper.      If   the    field   office    is  con- 
veniently located,    the    sewer   line    from   the   Government  Field  Office  may  be    connect- 
ed to   the    sewer    disposal    system  of   the    contractor's   office,   provided   tte    system 
is   designed     to   carry  the   extra   sewage,    subject  to    approval    by  the    contracting 
officer. 

16-21.     ELECTRICAL  wm I I-IG.    -  The    contractor    shall    secure    all  permits   and 
give    such  notices  as  required  by  State  and  local    authorities.      The    installa- 
tion shall  be   in  irict  accordance   with  the   National  Electrical  Code.     The   system 
shall   be    3-wire,    220/110  volt,    singlephase,    solid  neutral,   rigid  metal  conduit 
to   fuse    cabinet   as   indicated  on    drav.'ing.     All  wiring   shall   be   rubber-insulated, 
non-metallic,   sheathed  cable,    similar   and  equal  to    "Wire-f le:^"  as  manufactured 
by  the  Tiremold  Company.     The   building   shall  be  wired  as  indicated  on   the   drawings. 
Three  main  feeders  of  not  less   than  No.   8  AWG  wire    shall   be   installed  in  1-inch 
conduit.     The   ground  wire    shall  be  not  less   than  No.   8  A7/G.     The   entrance    switch 
shall  be   outside    type,    3Hwire,    solid  neutral,   2-pole,    30-amp»     Fuse   cabinet   shall 
be  flush  type,    steel  v/ith   door   and  built  for   6  circuits,  v/ith  solid  neutral, 
motor    switch.     The   motor   switch   shall   be   of   the   automatic   thermal  protection,   re- 
set-type.    Each  circuit    shall   be    fused  v;ith   15-amp.   fuses.     Duplex   plug  recepta- 
cles or   convenience   outlets   shsdl    be  l5-amp.,    125-volt,  with   stamped  brass  plates. 
At  completion,   all   circuits   shall   be  plainly  marked  for   identification.     The   con- 
tractor   shall   furnish  and  erect  in  first  class  manner,    all  fixtures  complete 
■with    shades  and  lamps  of   the  wattage    indicated,    fnses   and  all   other  necessary 
accessories.     The   fixtures   diall  be    similar   and  equal   to   those   designated  lielow. 
Reference    is  made,   for   identification  only,   to   catalog  niunbers   as  listed  in 
Benjamin  Electric  Mfg.  Co.,   catalog  entitled  "Benjamin  Sockets  for  Reflector 
Fixtures". 

SCHEDULE 
Location  No.  No>  Type 


Inspector's  Office  2  5642  -  PTJL  R.L.M.     Dome  with 

canopy  and  fixture    stud. 

Clerk's  Office  1  5642  -  PUL  R.L.LI.  Dome  with 

canopy  and  fixture    stud. 

Furnace  Room  1  5423  Shallow  Dome  with  canopy 

and  fixture    stud. 
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Location  No« 

Bathroom 

Bedroom 

Field  Engineers  Office 

Drafting  Room 

Platform 


No. 

1 

1 

1 


Type. 

3l]23   Shallow  Dome  with  canopy 
and  fixtxire  stud. 

5642  -  PUL  R.L.M.  Dome  with 
canopy  and  fixtxire  stud. 

5642  -  PUL  R.L.M.  Dome  with 
canopy  and  fixture  stud. 

561*2  -  PDL  R.L.M.  Dome  with 
canopy  and  fixture  stud. 

6821  TiVatertight  angle  with 
round  box. 


The  contractor  shall  do  all  cutting  and  placing  of  supports  necessary  in 
this  work. 

16-22.   HEATING. 

(a)  General.  -  The  contractor  shall  fximiah  and  install  an  oil 
burning  automatic  controlled  furnace  similar  and  equal  to  Mueller's  No.  35 
B,  G.  Fuel  Oil  Furnace.  The  installation  and  workmanship  shall  be  in  strict 
accordance  with  the  specifications  of  the  manufacturer,  rules  and  regulations 
of  the  National  Board  of  Fire  Underwriters  and  local  requirements. 

(b)  Grills,  Registers  and  Ducts.  -  All  grills  and  registers  shall 
be  furnished  and  installed  by  the  contractor  as  shown  on  the  drawings  or 

as  directed  by  the  contracting  officer.  Warm  air  grills  shall  be  provided 
with  independently  adjustable,  manually  controlled  vertical  fins  for  de- 
flection of  air.  Cold  air  return  register  shall  be  plain  lattice  type,  suit- 
able for  floor  or  wall  installation  and  of  the  size  indicated  on  the  drawings. 
The  hot  and  cold  air  duct,  register  and  grill  system  shall  be  constructed 
in  accordance  with  manufacturer's  specifications,  and  installed  as  shown  on 
the  drawings  or  as  directed  by  the  contracting  officer. 

(c)  Staoke  Pipe  and  Vent.  -  The  smoke  pipe  and  vent  shall  be  as 
specified  by  the  manufacturer  for  furnace  vised.  The  smoke  pipe  from  furnace 
to  2- inches  above  roof,  shall  be  covered  with  asbestos  air  cell  pipe  covering, 
1-inch  thick,  properly  secured  to  the  pipe. 

(d)  Fuel  Tank.-  A  fuel  supply  tank  of  500  gallons  capacity  shall 
be  furnished  and  installed  by  the  contractor.  The  tank  shall  be  under  ground 
and  covered  with  not  less  than  2  feet  of  well  tamped  backfill.  Fuel  tank 

and  all  piping  shall  meet  all  requirements  of  the  National  Board  of  Fire  Under- 
writers. 

16-23.  FIRE  PROTECTION.  -  The  contractor  shall  furnish  and  install 
one  frost  proof  fire  hydrant  with  suitable  connections  for  two  1-1/2  inch 
fire  hoses.  The  fire  hydrant  shall  be  installed  not  more  than  25  feet  from 
the  building  and  shall  be  supplied  with  water  at  a  pressure  not  less  than  25 
pounds. 

16-24.  FLAGPOLE.  -  The  contractor  shall  furnish  and  erect  one  flag- 
pole complete  with  pulley  and  rope,  as  shown  on  drawings.  The  flagpole  shall 
be  constructed  of  one  12-foot  length  of  2-1/2  inch  and  one  12-foot  length  of 
2- inch  galvanized  steel  pipe,  with  an  overlap  of  1  foot  at  joint,  securely 
welded.  The  flagpole  shall  be  securely  fastened  to  a  concrete  base  as  shown  on 
drawings  and  shall  be  so  attached  that  bottom  bolt  can  be  removed  and  pole  re- 
volved about  upper  bolt  to  a  horizontal  position  or  as  directed  by  the  con- 
tracting officer. 
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16-25.     REMOVAL  OF  BUILDING.   -  upon  completion  and  acceptance,    the   field 
office   v;ill   become    the    property  of   the   United  States   and  v;ill   tie   removed  by 
the   Government.     No  materials  or  equipiient   shall   be   salvaged  by  the    contractor, 

16-26.     PA^QiENT.    -  Pajmient   for    the    field  office    complete,    including  the 
furnishing  of  all  labor,   plant  and  materials  necessary  to  complete    the   build- 
ing in    accordance,  v-'ith   these    specifications  and  as   shovm  on    the    drav/ings,    and 
including  parking  area,    driveways,  walks,    and  grading  around  the   building,  ivill 
be   made  at   the   contract  lump   sum  price   for    "Field  Office"   upon  acceptance   of 
the    building  by  the   contracting  officer.     The    contracting  officer   retains   the 
right  to   order   the   contractor      to  make  an  extension   as  indicated  on   the  draw- 
ings, vaih    similar   construction   and  equipment   as   the   original  building.     Pay- 
ment for   the  extension,    if  any,   v/ill   be  made    at  the   lump   sum  price  for   •Field 
Office  Extension*. 
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Invitation  No. 


STANDARD  GOVERNMENT  FORM  OF  BID 
(construction  contract) 


(Place) 
(Date)  . 


Tot  The  District  Engineer, 
U.  S.  Engineer  Office, 
Masse na,  New  York. 


1.   In  compliance  with  your  invitation  for  bids  dated 


.and  subject  to  all  the  conditions  thereof,  the  undersigned, 


a  corporation  organized  and  existing  under  the  laws  of  the  State  of 


a  partnership  consisting  of 


or  an  individual  trading  as 


of  the  city  of 


hereby  proposes  to  furnish  all  plant,  labor,  dnd  materials  and  perform  all 
work  required  for  the  construction  of  the  Barnhert  Island- Power  House,  com- 
plete, at  the  locations  shown  and  to  the  extent  indicated,  in  strict  accor- 
dance with  the  specifications,  schedules,  and  drawings,  for  the  considera- 
tion of  the  following  prices  i 


POWERHOUSE 

SCHEDULE  OF  BID   IT5M3 

Item  Unit 

No. T?fisignRtioD Unit Quantity Eri££ Affipuat — 

1.  Timber  Cribs  M.B.M.      2,100  $ $ 

2.  Crib  Sheating  Sq.Ft.     28,000  $ $ 

3.  Steel  Sheet  Piling        Sq.Ft.     27,500  $ ^ 

4.  Crib  Fill  Cu.Yd.     48,000  $ $ 

5.  Earth  Fill;  Compacted  Class  I, 

Cofferdam  Cu.Yd.     46,000  $ $ 


21.   Drilling  Grout  Holes  in 

Rock  6o  ft.  and  over   Lin. Ft.      4,2^0 


6,    Earth  Fill;  Compacted  Class 

II  Cofferdam        Cu.Yd.    645,000       $. 


7.  Earth  Fill;  Class  III, 

Cofferdam  Cu.Yd.  185,000       $ $_ 

8.  Rock  Fill;  Cofferdam  Cu.Yd.  135,000      $ $_ 

9.  Riprap;  Cofferdam  Cu.Yd.  49,200      $ $_ 

10.  Unwatering  Cofferdams  AcFt.  90,000      ,1 1. 

11.  Cofferdam  Removal  Cu.Yd.  776,300       $ $. 


12.  Excavation;  Conjnon        Cu.Yd.  3,821,000       $ $_ 

13.  Excavation;  Rock          Cu.Yd.  225,000      $ $_ 

14.  Line  Drilling            Sq.Ft.  40,000      $ $_ 

15.  Excavation;  Borrow        Cu.Yd.  250,000      $ $_ 

16.  Drilling  Exploratory  Holes 

0  to  30  ft.                Lin. Ft.  1,250                $ $. 

17.  Drilling  Exploratory  Holes 

30   to  60  Ft.                 Lin. Ft.  1,350                $ $_ 

18.  Drilling  Exploratory  Holes, 

60  ft.  and  over    Lin. Ft.  2,500       $ $> 


19.   Drilling  Grout  Holes  in 

Rock  0  to  30  ft.      Lin. Ft.      3t750      $_ 


20.   Drilling  Grout  Holes  In 

Rock  30  to  60  ft.     Lin. Ft.      7,800      $. 


II 


I 


POWERHOUSE 

SCHEDULE  OF  BID  ITEHS 


Item 


Designation 


JIaii. 


QMSptity 


22. 
23. 
24. 
25. 
26. 

27. 
28. 

£9. 

30. 

31. 
32. 

33. 
34. 
35. 

36.' 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 


Drilling  Grout  Holes   in       Lin. Ft.  2,000 

Concrete 
Drilling  6   inch  Drain  Holes  Lin#  Ft.   l^.OOO 


Drilling  6   inch  Concrete     Lin. Ft. 

Cores 
Core  Boxes  l?ach 

Grout   Pipes   and  Connection     Lb. 

Lb. 


Pipe;  Black  Steel,  8» 

Diameter 
Pressure  Grouting 

Sand  in  Grout 

Rock  Flour  in  Gr-jut 

Earth  Fill;  Compacted 

Class  I. 
Earth  Fill;  Compected 

Class  II 
Additional  Compaction 

Earth  Fill;  Class  m 

Rock  Fill 

Riprap;  Dumped,  Class  A 

Riprap;  Dumped,  Class  B 

Sand  and  Gravel  Backing 

Filter 

Seeding 

Concrete,  Class  A 

Concrete,  Class  B 

Concrete,  Clasa  C 

Straight  Concrete  Forms 


Cu.Ft. 
Cu.Ft. 

Cu.Ft. 


1,000 

1,800 

125,000 

53.000 

50.000 

2,500 

3,000 


Cu.Yd.  1,580,000 
Cu.Yd.  103,000 
Square  250,000 
Cu.Yd.   250,000 


Cu.Yd. 

151,000 

Cu .  Yd . 

75.000 

Cu.Yd. 

90,000 

Cu .  Yd . 

58.^00 

Cu.Yd. 

101,300 

Acre 

13 

Cu.Yd. 

134.000 

Cu.Yd. 

281,000 

Cu.Yd.    1,503,000 
Sq.Ft.   7,100,000 


Concrete   Forms  Curved  One     Sq.Ft.        446,000 

Way 
Concrete  Forma  Curved  T*o     Sq.Ft.        460.OOO 

Ways 

III 


Unit 


$. 
$ 


$_ 


Affipunt 


K 

$. 
$. 
$. 

$_ 

$_ 

$_ 

$_ 
^_ 
$_ 

$_ 


POWERHOUSE 

Item  Unit 

^To. Designation Unit Q.uaatit^y Price     Amount 

47.    Absorptive  Form  Lining     Sq.Ft.   2,200,000       $. 

48".    Concrete  Forma  For  Ceiling  Sq.Ft.     600,000 

49'   Concrete  Forma  For  Construction 

Joints  Sq.Ft.   3,820,000 

50.        r.'!onolithic  Concrete  Floor 


Finish 

Sq.Ft. 

160,000 

51. 

Reinforcing  Steel 

Lb.        : 

L08, 

000,000 

52. 

Drilling  Roles   For,    and 
Placing   i^owel  Bars 

Lin. Ft. 

1,000 

53. 

Metal    Reg  lets 

Lin. Ft. 

17,000 

fyl. 

Membrane    Waterproofing 

Square 

•1.230 

33. 

Copper  Metal  Work 

lb. 

80,000 

36. 

Copper  Water  Stops 

Lb. 

40,000 

37. 

Lead  Sleeves   and  Flanges 

Lb. 

13.000 

58. 

Sheet   Iron  and  Steel 

Lb. 

63,000 

39. 

Special   Bituminous  Fil- 

ler,  Type  C 

Cu.Ft. 

3.300 

60. 

Halved  Concrete   Pipe 

Lin. Ft. 

11,000 

61. 

Poured  Grout 

Cu.Ft. 

113,000 

62. 

Special  Mon- shrink  Grout 

Cu.Ft. 

1,000 

^3. 

Structural  Steel 

lb. 

19 

,000,000 

64. 

Steel  Track  Rails 

Lb. 

2 

,720,000 

65. 

Miscellaneous   Black  Steel 

and  Metal   Work  Lb.  430,000 

66.  Miscellaneous  Galvanized 

Steel  and  Metal  Work 

67.  Plain  Gratings 

68.  Galvanized  Gratings 

69.  Safety  Treads  and  Thresh-  Lb. 

holds 

70.  Cast  Iron  Frames  &  Covers  Lb.        40,000 

IV 


Lb. 

600,000 

^b. 

360,000 

Lb. 

320,000 

Lb. 

110,000 

$                      $ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$   ■ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

PO'*ERHOUSS 
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79.    Installing  Gates,  Stop  Logs, 


80.  Installing  Gantry  Cranes  Ton  200       $ $_ 

81.  Installing  Overhead  Cranes  Ton         1.320       * *_ 

82.  Steel  Pipe  and  Fittings,    Lb.       570,000       $ $. 


83. 
84. 
65' 


I 


89. 


Racks   and  Gate   Hoists 

Ton 

14.496 

Installing  Gantry  Cranes 

Ton 

200 

Installing  Overhead   Cranes 

Ton 

1.320 

Steel  Pipe   and  Fittings, 

lb. 

370,000 

Black 

Steel  Pipe   and   Fittings, 

Galvanized 

Lb. 

750,000 

Wrought    Iron  Pipe   and   Fit- 

tings 

Lb. 

27,300 

Pickled  Wrought   Iron  Pipe 

and  Fittings 

Lb. 

300 

Cast   Iron  Pipe   end  Fit- 

Lb. 

1,300,000 

tings 

Duriron  Pipe   and  Fittings 

Lb. 

300 

Forged  Steel  Fittings 

Lb. 

1,000 

Coating  Underground  Pipe 

and  Fittings 

Lb. 

4.000 

Brass  Pipe  Fittings 

Lb. 

12,600 

Copper  Tubing  and  Fit- 

Lb. 

100 

Unit 


Item 

No. Designation Up  it Q,USntU,Y SLAce Aff?utU 


71.  Forgings,  "Steel  Lb.  2,000  $_ 

72.  Bronze  '  Lb.  3.000  $_ 

73.  Miacellaneous  Non-ferrous 

Matals  Lb.  2,000  $. 


74.   Pipe  Handrail  Lb.  70,000  $ $_ 

73.   Concuit  and  Fittings  Lb.     1,223,000  $ t_ 

76.  Outlet  Boxes  Lb.  23,000  $ h 

77.  Turbine  Embedded  Parts,  Ton  3»300  $ $_ 

Installation 

78.  Installing  Guides,  Sills 

and  Embedded  Parts  Ton  1,664  $ $_ 


$ 


$ $. 

$ $. 


$ $. 

86.  Cast  Iron  Pipe  end  Fit-    Lb.     1,300,000       $ $_ 

tings 

87.  Duriron  Pipe  and  Fittings  Lb.  300       $ $_ 

88.  Forged  Steel  Fittings      Lb.         1,000       $ $_ 


$ 


90.  Brass  Pipe  Fittings  Lb.  12,600  $ $_ 

91.  Copper  Tubing  and  Fit-  Lb.  100  $ $_ 

tings 

92.  Inserts,  Pipe  Hangers  and 

Supports  Lb.  300      $ $. 


POWERHOUSE 


Item 


Designation 


Tin  it 


I^iiantity. 


Unit 
Price 


Jeojii 


93. 

94. 

95. 
96. 

97. 

98. 

99. 
100. 

101. 
102. 

1C3. 

104. 

103 

106. 

107. 

108. 

109. 
110. 
111. 
112. 

113. 


Brass  Valves 

Iron-body  Valves,    Brass 
or  Bronze  Mounted 

Roof  Drains 


Lb. 

Lb. 
tb. 


Floor  ani  Deck  Drains, 

Brass  cr  Bronze  Strainers  11), 


Floor  and  Trench  Drains, 
All  Cast  Iron 


Lb. 


Precast   Concrete  Roof  Slabs   Square 

Precast   Concrete  ^oofing       Square, 

Tile 
Built-up  Asphalt  Rocfine^       Square 


•^ad  Collar  for  4-iach 
Toilet  Vent 


Each 
Lin.  Ft 
Sq .  Ft . 


Tile  Gage 

Glass  Block 

Storm  Drain  Pipe,  10- in.  Lin. Ft 

Storm  Drain  Pipe,  12- in.  Lin. Ft 

Storm  Drain  pipe,  l8-in.  Lin. Ft 

Storm  Drain  Pipe,  2i|-in.  Lin.F.t 

Concrete   Cradle   for 

Storm  Drain  Pipe  Cu.Yd, 

Catch  Basins,   Rectuangular  ITach 

Catch  Basin,   Circular  Kach 

Culvert   Head  Walls,   Standard    Each 

Pipes  Corrugated   Iron,    12- 

inch  Diameter  Lin. Ft. 

Pipe;   Corrugated   Iron,    24- 
inch  Diaue  ter  Lin. Ft 


500 

67,300 
7,100 

6,000 

6,000 
1,400 
2,900 

1.4C0 

10 
70 
20,300 
525 
525 
400 
930 

30 

19 

6 

28 

800 

268 


$ 


$           $ 

$           $ 

1  • 

$ 

I 

$ 

$ 

$ 

^ 

p 

$ 

$ 

$ 

$ 

% 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

* 
P 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

.           $ 

$ 

$ 

Vl 


PO'^RHOUSE 


Iton 


Unit 


No. Designation Ilaii Onantitv EtifiS AfflgUiat 

114.      Pipe;   Corrugated   Iron, 

30-inch  Diameter  Lin. Ft.  254  * * 


115.  Gravel  Fill  Base  Cu.Yd.  7.230  $ $_ 

116.  Ballast  Cu.Yd.  6,200  $ $_ 

117.  Cross  Ties  Each  7.240  $ $_ 

118.  Track  Laying  Track  Ft.  l6,l85  $ $_ 

119.  Road  Surfacing  Sq.Yd.  29,000  $ $. 

120.  Highway  Guard  Rail  Un.Ft.  7.4^0  $ $. 

121.  Field  Office  Sum  Job  $ $_ 


122.     Field  Office  Extension  Sum  Job  $ $_ 


NOTES*      (a)     All  amounts  and   totals  given  above  will   Tae  subject   to 
verification  by  the  United  States.      In  case  of  variation  between  unit  bid 
price  and  totals  shown  by  bidder,   the  unit  price  will  be  considered   to  be 
his  bid. 

(b)  All  bids  must   be  for  the  entire  work  and  must   have  each  blank 
space   filled  in. 

(c)  The   quantities  of  each  item  of  the  bid,   as  finally  ascertained  at 
the  close  of  the  contract,    in  the  units  givaiand  the  unit  prices  of  the 
several   items  stated  by  the  bidder   in  the  accepted  bid, will  determine   the 
total  payments  to  accrue  under  the,  contract.     The  unit   price  bid  for  each 
item  must   allow  for  all  collaterar  or  indirect   cost  connected  with  it. 

2..     SXPERIENCH.      (See   Inri^etion     for  Bids,  paragraph  I4.) 
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3.  STATEMENT  ESrrABLISKIIC  PERMANENT  PLACE  OF  BUSINESS  AND  FINANCIAL 
gTATUS.   (See  Invitation  for  Bids) 


4,  PLANT  TO  BE  USED  ON  THE  WORK.   (See  Invitation  for  Bids  and  para- 
graph  I-I9  of  the  specifications.) 
(a)  Earth  work. 

(1)  Excavating  Equipment 

No.  t     Type  i  Manufacturer    ;    Capacity   :   Age  :   Condition 
t i_i I I t 
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A 


(2)     Transporting  TTouipment 


No. 


Type 


Manufacturer 


t       t 

Capacity   «  Age   t  Condition 


I 


(3)     Embankirent  KouiPLient. 

(a.)      Spreading  and  Rolling  Equipment. 


(b)    Puc^pjpg  anj  Wstgriag  ZQuipasut 
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(b)  Concrete. 

(1)  Batching  Equipment 


No .    ;     Type 


Iifenufacturer 


Capacity 


Asie 


Condition 


(2)     Tr-ansporting  Equipment, 


(3)     Miscellaneous  Equipment 


(c)     Drillinig:  Equipment 


Wo.    ;        Type        ;  Manufacturer  i        Capacity      ;     Age    ;        Condition 


Wo.         i        Type         t        MnnurfiRturer i        Capacity | Agfi t        Condi  tioq 


(d)     Grouting  Bouipment. 


(e  )     Ccappressed  Air  Equipment 


(f )     Pumping  Equipment. 


No        I        Type 


i'lanufacturer        t       Capacity        :       Age        :       Condition 
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(g)  Miscellaneons  Equipment. 


5.  PLANT  LAY.QUT  (see  Invitation  for  Bids).  -  The  undersigned  has 
attached  herewith  the  plant  lay-out  prescribed  in  the  Invitation  for  Bids. 

6.  PROGRESS  CHARTS  (399  Invitation  for  Bids).   The  undersigned  has 
attached  herewith  the  progress  charts  prescribed  in  the  Invitation  for  Bids. 

7«   It  is  hereby  warranted  that  in  the  event  a-rard  is  aade  to  the 
undersigned  there  will  be  used  in  the  performance  of  the  work  covered  by 
the  contract  only  such  unmanufactured  articles,  materials,  and  supplies  as 
have  been  mined  or  produced  in  the  United  States,  and  only  such  manufactured 
articles,  materials,  and  supplies  as  have  been  manufactured  in  the  United 
States  substantially  all  from  articles,  materials,  or  supplies  mined,  pro- 
duced, or  manufactured,  as  the  case  may  be,  in  the  United  States  except  as 
noted  belov  or  otherwise  indicated  in  this  bid  or  authorized  in  the  specifi- 
cations. 

8.  The  undersigned  agrees,  upon  receipt  of  written  notice  of  the  ac- 
ceptance of  this  bid  within  days  after  the  date  of  opening 

of  the  bids,  to  execute  the  standard  form  of  Government  contract,  in  accor- 
dance with  the  bid  as  accepted,  and  give  performance  and  payrrent  bonds,  with 
good  and  sufficient  surety  or  sureties,  for  the  faithful  performance  of  the 
contract,  and  for  the  protection  of  all  persons  supplying  labor  and  materials 
in  the  prosecution  of  the  work,  within  days  after  the  prescribed 

forms  are  presented  for  signature. 

9.  The  undersigned  agrees  to  begin  the  work  within  calendar  days 

after  date  of  receipt  of  notice  to  proceed,  and  complete  it  within  

calendar  days  after  date  of  receipt  of  said  notice  to  proceed. 


(Bidder) 
By 


(Name  and  Title) 


NOTE:  Read  Standard  Government  Instructions  to  Bidders  before  nreparing  this 
bid. 
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WAR  DEP/lR^^ENT 
St .  Lawrence  Rivei'  District 
U.  S.   Engineer  Office 
Massena,  N.Y. 


SPECIFICATIONS   FOR  TURBINSS   AJJD  CKy^ERNORS 
SECTION   I   -  GENERA.L  PRCT^ISIONS 


1-01.      LOCATION. 

The  Barnhart  Island  power  house  is  located  at  the  lower  end 
of  the  International  Rapids  Section  of  the  St.  Lawrence  River,  about  8  miles 
north  of  the  village  of  Massena,  New  York  and  4  miles  west  of  Cornwall,  Canada. 
The  site  may  be  reached  by  U.  S.  Highways  on  the  U.  S.  side  of  the  St.  Lawrence 
River  and  by  Highway  No.  2  on  the  Canadian  side. 

1-02.   WORK  TO  BE  DONE. 

The  work  provided  for  under  these  specifications  is  authorized 
by  Act ,  approved  

.1941. 

The  work  consists  of  furnishing  all  plant,  superintendence, 
technical  services,  labor  and  materials,  except  as  hereinafter  specified, 
and  performing  all  work  required  for  the  design,  manufacture,  and  furnishing 
and  delivering  f .o.b.  railroad  cars  at  factory  shipping  points,  the  hydraulic 
turbines  and  governor  equipment,  complete  with  accessories,  for  the  Barnhart 
Island  power  house,  all  in  accordance  with  the  detailed  require nents  of  these 
specifications  and  the  following  schedules: 

Schedule  A  -  Six  (6)  67,100  hp  turbines 

Schedule  B  -  Six  (6)  6?. 100  hp  turbines 

Schedule  C  -  Six  (6)  67,100  hp  turbines 

Schedule  D.  -one  (1)  9,000  hp  tur-biae  (house  unit) 

I-03.   SHIPMENT.  Material  and  machinery  shall  be  furnished  and  delivered 
f  ,o.b.  railroad  cars  factory  shipping  point  and  will  be  shipped  on  Government 
bills  of  lading  furnished  by  the  contracting  officer.  The  contractor  shall  pre- 
pare all  materials  and  articles  for  shipment  in  such  manner  as  to  protect  them 
from  damage  in  transit,  and  shall  be  responsible  for  and  make  good  any  and  all 
damage  due  to  improper  preparation  or  loading  for  shipment.  Where  necessary, 
heavy  parts  or  machines  shall  be  mounted  on  skids  or  crated,  and  any  articles 
or  materials  that  might  otherwise  be  lost  shall  be  boxed  or  wired  in  bundles 
and  plainly  marked  for  indentification.  All  material  shall  be  so  loaded  that 
it  will  not  shift  or  become  damaged  during  hauling.  All  parts  exceeding  200 
poirnds  gross  weight  shall  be  prepared  for  shipment  so  that  slings  for  handling 
by  crauie  from  the  car  in  the  power  house  may  be  readily  attached  while  the 
parts  are  on  the  car.  Boxed  parts,  where  it  is  unsafe  to  attach  slings  to  the 
box,  shall  be  packed  with  slings  attached  to  the  part,  the  slings  to  project 
through  the  box'  or  crates  so  that  attachment  to  the  hoisting  equipment  can 
be  readily  made. 

As  soon  as  each  shipment  is  made,  the  contractor  shall  furnish 
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shipping  notices  on  which  shall  be  shown,  in  addition  to  the  usual  data,  a 
description  of  the  article  furnished  and  the  item  number  of  the  contract 
schedule  to  which  the  article  applies;  also  the  shipping  weight  of  each  item. 
The  total  shipping  weight  shown  on  the  shipping  notice  shall  correspond  to 
the  total  weight  shown  on  the  bill  of  lading. 

It  is  understood  and  agreed  that,  if  the  actual  shipping 
weight  as  later  determined  by  the  freight  bills,  exceeds  the  shipping  weight 
stated  by  the  bidder  in  his  bid,  the  Government  v;ill  deduct  from  any  payment 
due  the  contractor  the  cost  of  transportation  from  the  shipping  point  to  Uassena, 
New  York,  on  such  excess  weight.   Excess  weight  shall  be  defined  as  that  in 
excess  of  the  estimated  weight  given  by  the  bidder  in  his  bid.  Where  ship- 
ments are  in  fact  made  from  points  other  tl^^n  those  stipulated  in  the  contract 
or,  at  the  option  of  the  contracting  officer,  where  excess  weight  is  involved, 
an  amount  sufficient  to  cover  any  excess  in  freight  costs  to  the  Government 
will  be  withheld  from  final  payment  and  vouchered  to  the  General  Accounting 
Office  for  direct  settlement. 

1-04.   DRAWINGS.   The  following  drawings,  showing  the  general  location, 
arrangement  and  dimensions  of  the  power  plant,  accompany  and  form  a  part  of 
the  specifications.   Additional  drawings  of  the  power  plant  are  filed  in  the 
United  States  Engineer  Office,  St.  Lawrence  River  District,  Massena,  New  York, 
where  copies  may  be  obtained  by  interested  parties: 

Title  File  Mark 

Transverse  Section  )  48CII 

Through  Main  (67,100  hp)  Unit  ) 

Transverse  Section  )  48CI5 

Through  House  (9.000  hp)  Unit  ) 

Plans  at  C  L.  Distributor  48C35 

Plans  at  Elev.  I32  Floor  k^C25 

1-05.   CONTRACTOR'S  DRA'J^INGS. 

The  contractor  shall,  within  60  calendar  days  after  receipt 
of  notice  to  proceed  with  the  work,  submit  for  the  approval  of  the  contracting 
officer,  outline  drawings  of  all  apparatus  to  be  furnished  under  the  contract, 
together  with  weights  of  equipment  and  overall  dimensions,  to  enable  the 
contracting  officer  to  proceed  with  the  final  designs  of  the  torbine  founda- 
tion and  power  house.   These  drawings  shall  cover  draft  tube  liner,  speed 
ring,  discharge  ring,  pit  liner  and  servomotor  location,  piping  layout  and 
layout  of  equipment  with  necessary  electrical  controls  for  the  main  turbines 
and  the  house  turbines  and  also  the  scroll  case  for  the  house  turbine. 
Should  any  changes  in  these  drawings  be  required  as  a  res\jlt  of  the  model 
tests  specified  in  paragraph  2-04,  prints  of  revised  drawings  shall  be  fur- 
nished as  soon  as  practicable  after  completion  of  the  model  tests. 

Tha  contractor  shall  submit  for  approval  sectional  drawings 
of  the  complete  turbine  including  a  vertical  section  through  the  unit,  a  hori- 
zontal plen  section  at  the  top  of  the  scroll  case  and  servo-motors,  and  such 
additional  assembly  and  sub-assembly  and  detailed  drawings  as  are  required  to 
fully  demonstrate  that  all  parts  of  the  apparatus  to  be  furnished  will  confonc 
with  the  provisions  and  intent  of  the  specifications. 
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To  facilitate  approval  of  drawings,  two  prints  with  the  original 
carrying  letter  and  a  copy  thereof  shall  oe   suiJnitted  to  the  contracting  officer, 
and  two  prints  with  a  copy  of  the  carrying  letter  shall  be  forwarded  to 

(lietails  of  routing  of  prints  of 
shop  drawings  to  be  inserted  by 
U,  S.  Engineer  office) 

.  Decision  on  these  drawings,  either  approval  or  disapproval,  will  be 
given  by  the  contracting  officer  by  letter  or  t elegram  within  fifteen  calendar 
days  after  receipt  of  drawings  by  the  contracting  officer.  In  the  event  that 
action  on  drawings  is  not  taken  within  fifteen  calendar  days,  the  time  for 
completion  of  the  contract  will  be  extended  as  provided  in  paragraph  I-06. 
The  same  number  of  copies  shall  oe  re-submitted  in  the  same  way  for  approval 
for  any  drawing  returned  by  the  contracting  officer  for  correction. 

\fter  final  approval  of  any  drawing,  six  additional  prints  of  that  drawing 
shall  be  forwarded  to  the  contracting  officer. 

All  drawings  submitted  for  approval,  except  the  contractor's  standard 
drawings  or  detail  sheets,  shall  be  on  sheets  of  the  standard  dimensions  of  the 
United  States  engineer  I'epartment  (27*  x  42"  overall  with  2"  trim  margin  on  t:.e 
left,  side  and  1/2"  trim  margin  on  the  other  sides.)  Each  shall  be  provided 
with/\blank  white  space,  approximately  3  ^V  k   inches,  near  the  lower  ritht 
cormer  specifically  indicated  to  be  used  for  notations  by  the  contracting 
officer.   All  of  these  drawings  will  form  a  part  of  the  contract.  All  of  the 
applic-^ole  requirements  of  ti.is   pararr.iph  with  reference  to  drawings  to  be 
prepared  by  the  contractor  shall  apply  equally  to  catalog  cuts,  illustrations, 
printed  specifications  or  other  data  submitted  for  approval,  except  that  where 
specifically  indicated  in  the  detailed  specifications  that  a  smaller  number 
than  twelve  (total)  will  meet  the  requirements  of  the  Government,  such  lesser 
number  may  be  furnished. 

Any  construction  work  done  prior  to  the  approval  of  drawings  will  be 
at  the  contractor's  risk.  The  contracting  officer  shall  have  the  right  to  re- 
quire the  contractor  to  make  any  changes  in  the  designs  which  in  his  opinion 
are  necessary  to  make  the  apparatus  conform  to  the  provisions  and  intent  of  these 
specifications,  without  ac ditional  cost  to  the  Government.  Approval  by  the 
contracting  officer  of  the  contractor's  drawings  shall  not  be  held  to  relieve 
the  contractor   of  any  part  of  the  conJ;ractor's  o  blis^ation  to  aneet  all  of  the 
requirements  of  tnese  specifications  or  of  the  responsiblility  for  the  correct- 
ness of  the  contractor's  drawings.  Upon  complet  on  of  the  work  under  this 
contract,  the  contractor  shall  furnish  a  complete  set  of  process  tracings  to- 
gether with  two  conplete  sets  of  blue-prints  of  all  drawings,  as  finally 
approved,  and  four  copies  of  operating  instructons  and  parts  oatalogs.  These 
tracings  and  drawings  shall  show  all  changes  and  revisions  made  up  to  the  time 
that  the  apparatus  is  completed  and  accepted. 

Parts  catalogs  and  operating  instructions,  expecially  prepared  covering 
all  equipment  furnished  under  this  contract,  the  turbines  and  governing 
equipment  separately,  which  may  be  needed  or  useful  in  operation,  maintenance, 
repairs,  dis-assembly  or  reassembly,  and  for  repair  and  identification  of  parts 
for  ordering  replacements,  shall  be  assembled  under  a  suitable  common  cover. 
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l-06.  COMTEN^CEMENT ,  PROSECUTION  /LND  COMPLETION. 

The  contractor  shall  commence  work  Under  the  contract  with- 
in ten  (10)  calendar  days  after  the  date  of  receipt  by  him  of  notice  to 
proceed,  prosecute  the  said  work  with  faithfulness  and  energy  and  complete  the 
entire  work  specified  within  the  peroids  of  time  (calendar  days)  stated  in 
Table  I,  after  said  date  of  receipt  of  notice  to  proceed. 

If  the  contractor  furnishes  turbines  and  governors  under  more 
than  one  schedule,  the  work  under  separate  schedules  shall  be  executed  by  him 
concurrently  and  no  additional  time  will  be  allowed  for  delivery  because  of 
said  combined  contract. 
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In  the  event  that  more  than  one  model  test  (the  original,  or 
first,  model  test)  is  required  by  the  contracting  officer,  the  time  for  comp- 
letion of  all  succeeding  phases  of  the  work  for  the  applicable  turbines,  ex- 
cept the  governors,  will  be  extended  as  follows; 

For  each  model  test  the  actual  number  of  days  required  therefor 
but  not  to  exceed  ^0   calendar  days  for  a  complete  re-design  of  the  model  nor 
more  than  20  calendar  days  for  minor  changes  of  the  model. 

In  the  event  that  decision  on  approval  of  drawings  is  not 
given  by  the  contracting  officer  within  the  15  calendar  day  period  allowed  in 
paragraph  1-05  hereof,  the  time  for  completion  of  the  contract  will  he  extend- 
ed in  an  amount  equal  to  the  excess  time  required  for  such  action. 

1-07.  SUNDAYS  AJJD  HOLIDAYS 

No  work  shall  be  done  on  Svmdays  or  on  days  declared  by 
Congress  as  holidays  for  per  diem  employees  of  the  United  States  except  in  case 
of  emergency,  and  then  only  with  the  written  consent  of  the  contracting  officer. 

1-08.   PAYMENTS . 

Subject  to  all  the  provisions  set  forth  below,  payments  to  the 
contractor  will  be  made  monthly  or  at  such  other  times  as  may  be  mutually 
agreeable  to  the  contractor  and  the  contracting  officer  on  estimates  of  such 
work  as  has  been  accomplished  in  accordance  with  the  specifications  and  not 
included  in  any  prior  estimate.   Estimates  for  items  for  which  the  units  are 
"man  days"  will  be  based  on  the  actual  quantities  of  work  performed,  expressed 
in  such  units.  Estimates  for  all  other  'items  will  be  based  on  a  well  balanced 
schedule  prepared  by  the  contractor  and  approved  by  the  contracting  officer, 
apportioning  the  contract  prices  of  the  respective  items  to  the  principal 
features  entering  into  or  forming  parts  of  said  items.  The  amount  apportioned 
to  each  of  said  principal  features  shall  be  separately  stated  for  labor  and 
material,  and  the  total  amount  shown  by  the  schedule  for  any  item  shall  equal 
the  contract  price  for  said  item.  Payments  will  be  subject  to  retained  percent- 
ages as  provided  in  Article  l6  (b)  of  the  contract.  Payment  of  the  amount  so 
retained  will  be  made  upon  final  and  complete  delivery  of  all  material  f .o.b. 
railroad  cars  at  factory  shipping  points,  EXCEF'T  that  an  amount  equal  to  fire 
(5)  per  cent  of  the  total  contract  price  will  be  withheld  until  after  100  days 
of  actual  satisfactory  operation  of  equipment  and  the  passing  of  tests  as  specif- 
ied in  paragraphs  2-05  and  2-06 ,  but  not  more  than  3  ye'irs  after  c'ompletion  an_^ 
offer  of  shipment,  when  final  payment  will  be  made. 


1-09.  INSURANCE . 

1-10.  INTERPRETATION  OF  SPECIFICATIONS. 

1-11.  MATERIALS   AND  tVOBK]l!ANSHIP 

1-12.  WORK  COVERED  BY  CONTRACT  PRICE 
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(These  paragraphs  are  to  U.  S. 
Engineer  Office  standard  para- 
graphs for  such  items) 


1-13.   INSPECTION  AND  TESTS. 

The  work,  except  Model  Tests,  will  be  conducted  under  the 
general  direction  of  the  contracting  officer  and  will  be  inspected  by  in- 
spectors appointed  by  him,  who  will  enforce  a  strict  compliance  with  the 
terms  of  the  contract.   The  inspectors  will  keep  a  record  of  the  work  done. 
Th©  presence  of  the  inspector  shall  not  relieve  the  contractor  or  his 
responsible  agent  of  any  responsibility  for  the  proper  execution  of  the  work. 

All  materials,  supplies  and  parts  and  assemblies  thereof 
entering  into  the  work  to  be  done  under  these  specifications  shall  be  tested, 
unless  waived  in  writing  by  the  contracting  officer  or  his  duly  authorized 
representative.   If  requested  in  advance  of  manufacture,  the  contractor  shall 
furnish  the  contracting  officer  with  certified  copies  of  tests  of  materials 
used  in  the  manufacture  of  the  apparatus.  The  results  of  these  tests  sheO.1  be 
in  such  form  as  to  provide  means  of  determining  compliance  with  the  applicable 
specifications  for  the  materials  used.  The  cost  of  making  all  of  the  above 
required  tests  shall  be  borne  by  the  contractor. 

Unless  waived  in  writing  by  the  contracting  officer,  all  tests 
and  trials  shall  be  made  in  the  presence  of  a  duly  authorized  representative  of 
the  contracting  officer.  When  the  presence  of  the  inspector  is  so  waived,  sworn - 
statements,  in  quadruplicate,  of  the  tests  made  and  the  results  thereof,  shall 
be  furnished  to  the  contracting  officer  by  the  contractor. 

The  contractor  shall  grant  the  duly  accredited  representatives 
of  the  contracting  officer  free  access  to  his  shops  at  all  times  for  in- 
spection of  manufacture  and  of  materials  used.   All  parts  of  this  equipment 
will  be  subject  to  inspection  during  emy  stage  of  manufectur«  or  erection  and 
any  part  or  parts  found  unsatisfactory  as  to  design,  workmanship,  or  material 
will  be  rejected.   Articles,  materials,  or  supplies  on  rejection  by  an  in- 
spector shall  be  kept  out  of  or  removed  from  the  finished  work  by  the  contractor. 

The  contractor  will  be  required  to  furnish,  upon  the  request  of 
the  inspectors,  the  use  of  such  laborers  and  materials  forming  the  ordinary 
and  usual  equipment  and  crews  of  such  plants  as  may  be  reasonably  necessary  for 
inspecting  and  supervising  the  work.   The  contractor  shall  furnish  all  gages 
and  other  measuring  equipment  and  instruments  necessary  for  the  proper  and 
expeditious  inspection  of  the  work. 

The  contractor  shall  furnish  ample  office  space  at  the  plant 
or  plants  conveniently  located  to  the  work  for  the  exclusive  use  of  the 
Goverament  inspectors.   This  office  space  shall  be  fitted  with  desks,  chairs, 
tables,  lights,  heat,  file  cases,  typewriter  and  electric  fans,  and  janitor 
service  shall  be  maintained.   It  shall  be  convenient  to  lavatory  facilities. 

The  cost  of  meeting  all  the  foregoing  requirements  must  be 
included  in  the  contract  prices. 

It  is  understood  that  any  instructions,  or  decisions  given  by 
a  superior  officer  through  the  contracting  officer,  are  to  be  considered 
instructions  or  decisions  of  the  contracting  officer,  in  all  oases  where 
under  the  terms  of  this  contract  decision  rests  with  the  contracting  officer. 


1-6 


1-lZf.      BASIS   FOR   EQUITABLE  ADJUSTJENTS   FOR    ADDITIOML  WORK 
uEQUIRED  BY  CHANGES    IN  DRA'/ZINGS   AND  SPECIFICATIONS. 

(To  be  U.  S.  Engineer  Office 
standard  paragraph  for  this 
item) 

The   contractor   shall    furnish  the   contracting  officer  with 
four   prints   each  of  progress   photographs   of   the   work  done    in  his   shop. 
Photographs    shall   be    taken  when  and   iwhere   indicated  by  the   oontraoting 
officer  or   his    representative.      Photographs   shall   be   8"   by  10"    in  size, 
including  a  one-inch  margin  on  the   left  10"   side,   and   shall  be  mounted  on 
linen.      Views    taken  with  the   8"    side   vertical   shall  have   the    title   at   the 
bottodi   10"    side  and  binding  tab  at   the   top;    views   taken  with  the   10"    side 
vertical   shall  have   the   title  at  the  bottom   3"    side   and  binding  tab  at   the 
10"    side   at  the   left.      It    is    estimated   that  approxitaately  25   photographic 
negatives    of  the   67flOQ   hp  turbine  and   10   such  negatives   of   the   9»000   hp 
turbine  will   be   required.      Each  photograph   shall   contain  upon   its   face   the 
date,    name   of   contractor,    and  title   of  view  taken- 

1-16.  ADJUSTiiiENT  OF  PRICES   FOR  LABOR  AND  MATERIAL. 

1-17.  PURCHASE  ORDBRS. 

1-18.  FINAL  SIAjilN^TIQN. 

1-19.  PROTESTS    AND  APPEALS. 

1-20.  PATENTS. 

1-21.  FREFSRENCE  FOR   DOMESTIC  ARTICLES. 

1-22.  TAXES 

1-23.  FEDSR.^L  SPECIFICATIONS. 

1-24.  EXECUTION  OF  CONTRACT. 

(These  paragraphs  are  to  be  U.  S. 
Engineer  Office  standard  para- 
graphs for  such  items.) 
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SECTIQTJ  II 
DETAIL  SPEGIgJGATIONS 

2-01.  GENERAL  DESGHlPTlON. 

There  will  be  installed  in  the  Bamhart  Island  power  house,  in  eacb 
of  the  United  states  and  Canadian  plants,  18  main  xmits  of  67tlOO  hp 
capacity  each  and  a  house  unit  of  9,000  hp  capacity, all  of  the  Francis  type* 

On  account  of  the  large  number  of  units  and  the  probable  rapid  con- 
struction program,  it  is  anticipated  that  the  contract  for  turbines  will 
be  divided  between  several  or  all  competent  manufacturers  in  the  respective 
coTontries.  Although  similarity  of  details  of  turbines  to  be  installed  in 
both  plants  is  essential  and  required,  these  specifications  shall,  in 
general,  be  considered  as  being  applicable  only  to  the  turbines  to  be  in- 
stalled in  the  united  States  plant* 

TO  facilitate  design  and  construction  of  the  power  house,  it  is 
highly  desirable  that  the  water  passages  from  intake  entrance  to  draft 
tube  discharge  be  of  uniform  design  including,  insofar  as  practicable,  the 
hydraulic  design  of  embedded  parts  such  as  speed  ring,  pit  liner  and  draft 
tube  liner*  Uniform  mechanical  design  is  also  important,  although  not 
equally  essential* 

2-02.  HEAD  AM)  OPERATIM?  COWTFIGNS. 

The  elevation  of  the  water  surface  in  the  Bamhart  Island  reservoir 
will  be  controlled  by  the  Iroquois  point  Dam^  about  29  miles  upstream 
of  the  plant,  and  nonnally  will  be  elevation  238*  It  is  contemplated  that 
in  the  future  it  may  be  possible  to  regulate  the  headwater,  either  at 
Iroquois  point  Dam  or  at  the  power  house,  at  elevation  242  or  243* 

For  purposes  of  design  and  the  making  of  model  tests,  the  contractor 
shall  assime  reservoir  and  power  plant  operating  condition  s  as  follows: 

(ee)  Initial  Operation 

Normal  head  81  ft* 

Range  of  heads  71*3  to  83.8  ft. 

Maximum  head  for  runaway  speed  90  ft. 

controlled  headwater  Elev*  238 

Normal  corresponding  tailwater  Elev*  15? 

Maximum  headwater  (no  units  Elev*  249 

operating) 

Minimum  tailwater  Elev*  154 

Maximum  tailwater  Elev*  I90 

(b)  Ultimate  Operation 

Normal  head  Q3»5 

Range  of  heads  71 .3  to  87*3  ft. 

2-03*     COOPERATION  ^QTH  OTHER  CONTRACTORS. 

If  the  awards    for  the  turbines  and  governors  for  each  schedule  are 
under  separate  contracts,  the  contractors  shall  exchange  between  thoa- 
selves  and  the  generator  contractor,  after  subsequent  award  of  generator 
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contract,  all  necessary  drawings,  dimensions,  templates,  gages,  and  other 
information  required  to  insure  the  complete  and  proper  design  and  manu- 
facture of  all  connecting  or  related  parts  of t  he  turbines,  governors  and 
generators. 

The  contractors  for  tiurbines  under  Schedules  A 
to  C  inclusive  shall  cooperate  w  ith  each  other 
to  secure,  insofar  as  practicable,  like  details 
for  the  various  items  of  work  as  elsewhere  here- 
in specified.  After  selection  of  types  and  sizes 
of  turbines  or  approval  of  model  testff,  they  shall 
exchange  drawings,  templates  and  gages,  and  any 
other  necessary  information  to  facilitate  uniform 
mechanical  design  and  the  same  details  for  work 
so  mutually  agreed  upon  and  for  such  other  work 
so  specified  herein. 
NO  extra  compensation  shall  be  claimed  because  of  any  modifications 
required  to  accommodate  equipment  of  another  contractor,  except  as  is 
otherwise  specifically  provided  herein.  All  adjustments  shall  be  made 
between  the  respective  contractors  without  involving  extra  cost  to  the 
Government.  Two  copies  of  all  drawings  and  all  correspondence  relating  to 
drawings  and  specifications  interchanged  between  contractors  shall  be 
sent  to  the  contracting  officer,  and  one  copy  of  each  shall  be  sent  to 


2- 04 ,  MODEL  TESTS. 

pranptly  after  receipt  of  "notice  to  proceed"  the  contractor  (or 
contractors)  shall  be  proceed  with  the  design  of  the  turbine  (or  turbines) 
proposed  and  with  the  construction  of  a  test  model  for  each  turbine  not 
less  than  I6  inches  in  diameter,  exactly  homologous  with  the  turbines  to 
be  furnished. 

The  model  tests  for  the  67,100  hp  turbines  shall  be  made  iji  uniform 
spiral  casing  and  draft  tube  settings  in  accordance  with  outlines  shown 
on  accompanying  drawings  or  of  designs  previously  agreed  upon  by  the 
turbine  contractors  and  approved  by  the  contracting  officer. 

The  model  t  est  .for  the  9,000  hp  tvirbine  shall  be  made  in  scroll  case 
and  draft  tube  setting  of  the  contractor's  design,  subject  only  to  the 
following  power  house  requirements: 

a.  Elevation,  center-line  of  the  distributor   I63 

(67,100  hp  unit  100 

b.  Elevation,  draft  tube  floor (9, 000   «   «   110 

(It  is  essential  that  the  9,000  hp 
house  unit  in  the  United  States  plant 
be  a  duplicate,  insofar  as  practicable, 
of  the  house  unit  in  the  Canadian  plant, 
and  the  contractors  for  these  turbines 
shall  co-operate  bo  accomplish  this.) 

The  turbine  contractors  shall  so  arrange  that  both  the  model  for  and 
the  prototype  67,100  hp  turbines  under  the  individual  contracts  shall  have 
identical  dimensions,  and  same  details  if  practicable,  f or t  he  following 
items  in  addition  to  the  hereinbefore  mentioned  common  water  passages: 
a.  Speed  ring,  -  outside  diameter  and 
height  of  speed  ring,  and  gate  circle 
diameter. 
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hjt    Draft  tube  liner,  -  except  the  top 
section  of  steel  plate  liner. 

When  each  contractor  is  satisfied  as  to  the  results  of  the  tests  for 
the  first  model  for  the  turbine,  he  shall  notify  the  contracting  officer  that 
the  performance  tests  are  ready  to  be  run.  The  contracting  officer  or  his 
representative  will  promptly  visit  the  laboratory  and  witness  such  tests* 

The  contractor  shall  make  as  many  complete  txirbine  models  and  model 
tests  as  required  by  the  contracting  officer.  After  each  test  the  contract- 
ing offioer  will  indicate  the  changes  in  characteristics  which  are  desirable 
to  be  ob.tained  in  the  next  test  and  the  contractor  shall  so  alter  or  re- 
design the  runner  model  as  to  endeavor  to  secure  such  changes  in  charac- 
teristics, if  practicable. 

The  contractor  and  the  contracting  officer  shall  jointly  select  the 
design  that  has  the  proper  characteristics  to  meet  the  operating  conditions 
and  to  best  satisfy  the  requirements  of  t hese  specifications. 

In  case  of  disagreement,  the  final  select icai  of  the  design  from  models 
tested  shall  b e  made  by  the  contracting  officer,  but  if  any  change  proposed 
in  the  shape  of  the  parts  as  selected  shall  appear  objectionable  or  unde- 
sirable to  the  contractor,  he  shall  file  with  the  contracting  officer  a 
statement  of  such  objections  and  reasons  therefor,  add  shall  thereafter  be 
relieved  of  responsibility  for  any  of  the  effects  which  can  be  proved  to  be 
the  result  of  such  changes,  if  made. 

For  the  p\irpose  of  canvassing  bids  it  will  be  assumed  that  three  com- 
plete model  tests  will  be  made  by  the  contractor  under  each  Schedule  for 
the  67,100  hp  turbine  (the  original  and  two  additional  model  tests,)  and 
the  same  number  of  testa  for  the  9»000  hp  turbine.  The  cost  of  the  original 
tests  (one  for  each  size  turbine)  -shall  be  included  in  the  contract  prices 
f or  t  he  turbines.  The  cost  of  each  additional  model  test  shall  be  included 
in  the  unit  contract  prices  for  model  tests, 

Nothing  hereinbefore  stated  shall  be  construedas  limiting  the  nimber 
of  tests  which  the  contractor  may  wish  to  make  on  his  own  initiative  and  at 
his  own  expense  to  insure  meeting  his  g-uaranteed  capacities,  nor  shall  any 
requests  of  the  contracting  officer  for  additional  model  tests  or  special 
characteristics  in  said  models  serve  to  relieve  the  contractor  of  his  re- 
sponsibility for  guaranteed  capacities  specified  herein. 

The  contractor  shall  retain  all  templates  f or t  he  accepted  turbine 
model  and  for  the  prototjrpet  except  that  each  contractor  ^3nder  Schedules 
A  to  D  inclusive  shall  exchange  such  templates  with  the  other  contractors, 
as  may  be  necessary  to  assure  identical  dimensions  and  details  for  the 
agreed-upon  common  items  of  work,  where  so  specified  or  directed.  The  con- 
tractor shall  therafter  furnish  such  tenplates  for  model  and  prototype  to 
the  Government  upon  request  by  the  contracting  officer,  to  peimit  the 
contracting  officer  or  his  representative  to  assvire  himself  that  the  pro- 
totype turbine  is  hcmologous  with  the  model, 

2- 05,  EFFICIENCY  AM)  OUTRTT. 

The  turbines  shall  be  designed  to  afford  the  best  efficiency  over  a 
wide  range  of  gate  openings  for  the  indicated  operating  heads,  and  shall 
develop  the  specified  outputs  at  81  foot  head,  both  as  follows: 

(a)         (b) 
67,100  hp     9,000  hp 
Turbine     Turbine 


Rated  head,  in  feet  81  81 
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Output  at  best  efficiency- 
output,  full  gate 

Range  of  best  efficiency, 
net  head  in  feet 

(For  |g:enerator  rating  - 
and  not  for  p:uarantee) 

Output,  full  gate  at  81  ft, 
head 

Output,  full  gate  at  85  ft, 
head 


61,100  hp 


73  to  85 


9.000  hp 


73  to  85 


67,100  hp 


72,200  hp 


(Restricted  to 
9,000  hp) 


Whether  the  specified  capacities  are  met  shall  be  determined  by 
"stepping  up"  from  the  model  tests,  subject  only  to  check  by  field  test, 
which  may  or  may  not  be  made  during  the  period  that  the  contract  is  in  force. 

The  capacities  of  the  prototype  runners  shall  be  computed  from  the 
model  tests  by  ratios  of  the  3/2  powers  of  the  heads  and  the  squares  of  the 
diameters.  The  Moody  formula  shall  be  used  to  similarly  determine  the 
efficiencies  of  the  full  size  units  from  the  model  t  ests. 

No  model  will  be  approved  unless  the  peak  efficiencies  of  the  proto- 
type runner  at  heads  of  73  to  85  feet  inclusive  shall  be  90^  or  higher, 

2-06.  RUNAWAY  TESTS. 

Within  two  years  after  the  turbines  have  been  installed  and  placed  in 
satisfactory  operation,  or  not  to  exceed  three  years  after  ccmpletion  and 
offer  of  shipment,  one  67,100  hp  txirbine  under  each  schedule  and  the  9tOOO 
hp  turbine  will  be  given  an  overspeed  test  at  the  runaway  speed  at  the  max- 
imum head  as  specified  by  the  contractor  in  the  applicable  data  sheet, 
accompanying  these  specifications,  or  at  the  equivalent  runaway  speed  at 
the  highest  head  available  at  time  of  test.  Bach  test  shall  be  for  not 
less  than  5  minutes  after  the  full  speed  has  been  attained  with  no  load  on 
the  generator,  to  determine  whether  or  not  the  contractor  has  met  the 
requirements  in  paragraph  3-01, 

2-O7,  REPLACING  DEFEOTIVE  PARTS. 

If  during  a  period  of  one  year  after  operation  is  begun,  but  not  to 
exceed  three  years  after  the  ccmpletion  and  offer  of  shipment  any  parts  of 
the  turbines  or  accessories  are  found  defective  because  of  design,  work- 
manship or  material,  the  contractor  shall  furnish  f.o.b,  Massena,  New  York, 
replacCTient  parts  of  design,  workmanship,  and  material  approved  by  t he  con- 
tracting officer.  The  pitting  of  turbines  beyond  the  limits  specified  in 
paragraph  3-^5  will  be  considered  a  defect  within  the  meaning  of  this 
paragraph, 

^ould  the  runner  fail  to  meet  this  guarantee,  the  contractor  shall 
furnish  a  new  runner  for  replacement,  f.o.b,  Massena,  New  York,  or  at  the 
option  of  the  contracting  officer,  he  shall  repair  the  runner  by  cutting 
down  in  the  a.j?eas  showing  cavitation  to  a  depth  of  at  least  1/4  inch  and 
building  up  by  welding  with  stainless  steel  and  grinding  smooth  to  required 
contour  in  anch.  manner  as  to  correct  and  make  it  equal  of  a  new  rtmner. 
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2-08.   MTBRIALS. 

All  materials  used  In  the  oonstruction  of  the  apparatus  shall  be  selected 
as  the  best  available  for  the  purpose  for  which  used,  considering  strength, 
duotllity,  durability,  and  best  engineering  practice.   Liberal  factors  of 
safety  shall  be  used  throughout  the  design  and  especially  in  the  design  of 
all  pa.rts  subject  to  alternating  stresses  or  shock. 

The  maximum  primary  unit  stresses  for  materials  used  for  the  head  cover, 
speed  ring,  runner  and  other  parts  subject  to  hydrostatic  pressure  or  alter- 
nating stress,  for  both  the  67,000  hp  and  9iOOO  hp  turbines  and  the  scroll 
case  for  the  9tOOO  hp  turbines  shall  not  exceed  the  values  in  the  following 
table,  at  the  maximum  loads  occasioned  by  the  most  severe  operating  conditions: 


Cast  Iron 


Cast  steel 


Alloy  cast  steel 


Maximum  unit  stress  in  pounds 
per  square  inch 


Stress    in 

Stress    in 

tension 

compression 

2,000 

8,000 

10,000 

10,000 

17  per  cent  of   the 

17  per   cent  of  the 

ultimate   strength 

ultimate  strength 

or  27  per  cent  of 

or  27  per    cent  of 

the  yield  point 

the  yield   point 

Plate  steel  for  scroll 
case  and  other  prin- 
oipil  parts 


12,000 


12,000 


Alloy  cast  steel  shall  have  an  elongation  of 
not  less  than  22  per  cent  and  a  reduction  of  area 
of  not  less   than  30   per   cent. 

For   other  materials   used   in  the   oonstruotion  of   the  apparatus   the  maximum 
primary  unit  stress   due   to  maximum  head,   and   the  most  severe  normal   operating 
conditions   shall   not  exceed  one-third  of   the  yield  point  nor  one-fifth  of  the 
ultimate   strength  of  the  material. 

At   the  brefi)flng  point  of  the   yielding  links  or  shearing  pins,   a  unit    • 
stress  not   to  exceed  two-thirds    (2/3)    the   elastic  limit  will  be  allowed  in  the 
wicket  gates,   wicket-gate  stems  and  wicket-gate   stem  levers. 

Unless  otherwise   specified  herein,    all  materials  used  in    "the   con- 
strxaction  of  the  apparatus  shell  conform  to  latest  Federal   Specifications 
tiiere  applicable,    and  where   inapplicable,    to   the  latest  specifications  of  the 
American  Society  for  Testing  Materials  or  of   the  Society  of  Automotive  Engineers* 

If  the  contractor  desires  for  any  reason  to  deviate   from  the  above 
standards  or  to  use  materials  not  covered  herein,    or  by  Federal  Specifications, 
or  specifications  of  the  American  Society  for  Testing  Materials,    or  of  the 
Society  of  Automotive  Engineers,   he  shall  submit  a  statement  of   the  exact 
nature  of  the   deviation  and  shall  submit  for  approval  of  the  contracting 
officer  coii;>lete  specifications  of  the  materials  which  he  proposes  to  use* 
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If  requested  in  advance  of  manufacture  the  contractor  shall  furnish  the 
contracting  officer  with  certified  copies  of  tests  of  any  or  all  materials 
used  in  the  manufacture  of  the  equipment.  The  results  of  these  tests 
shall  be  in  such  form  as  to  provide  means  of  determining  compliance  with 
the  applicable  specifications  for  the  materials  tested.  The  cost  of  making 
all  of  the  above  required  tests  shall  be  borne  by  the  contractor.  The  con- 
tracting officer  shall  have  the  right  to  select  additional  test  specimens 
of  any  materials  to  be  used  and  to  make  test  of  the  same  at  the  expense  of 
the  Government, 

The  contractor  shall,  upon  request  of  the  contracting  officer,  furnish 
complete  information  as  to  the  maximimi  unit  stresses  used  in  the  design  or 
else  all  information  necessary  to  check  the  design, 

2-09,  BRONZE  CASTBDS. 

Bronze  castings  shall  be  of  a  quality  at  least  equal  to  that  required 
by  Federal  Specification  Qq-B-691ff  for  "Bronze;  Castings",  Composition  ^S» 

Bronze  bearing  bushings,  thrust  discs,  gate  ring  wearing  plates  and 
packing  box  wearing  rings  shall  conform  to  Society  of  Automotive  Engineers 
Specification  No,  64  for  phosphor  Bronze  Castings, 

2-10.   CAST  IRON. 

Cast  iron  shall  conform  to  Federal  Specification  Q,Qi-I-656  for  "Iron, 
Gray,  High-^est  (Semi-Steel);  Castings." 

2-11.  STTEEL  CASTINGS. 

Except  as  otherwise  herein  required,  all  steel  castings  shall  confonn 
to  Grade  2,  Medium,  as  specified  in  Federal  Specification  Q,q,-S-68la  for 
"Steel;  Castings."  X-Ray,  Gamma  ray  or  Magnaflux  examinations  will  not  be 
required  at  the  expense  of  the  contractor;  however,  the  Government  reserves 
the  right  to  make  such  examinations  at  Government  expense.  The  contractor 
shall  submit  to  the  contracting  officer  before  proceeding  with  foundry 
work,  drawings  of  all  steel  castings  subject  to  hydraulic  pressure,  all 
tiirbine  gate  castings,  rtinner  castings  and  other  important  castings,  show- 
ing t  liereon  the  locations  of  tension  and  bend  test  specimens.  The  caitract- 
or  shall- notify  the  contracting  officer,  or  his  authorized  representative, 
in  time  to  have  an  inspector  present  at  the  foundry: 

a,  Tfhen  castings  are  taken  out  of  the  sand, 
b^.   vhen  castings  are  cleaned  ready  for  sur- 
face inspection  and  before  any  repairs  are 
made, 
£,  After  repairs  are  completed  and  before  an- 
nealing, 
d^.  After  annealing  and  before  shipnent  to  the 
machine  shop, 
NO  repairs  shall  be  made  to  castings  without  the  knowledge  and  ap- 
proval cf  the  contracting  officer.  tVelding  shall  be  done  only  by  pro- 
perly qualified  welders  a- nd  in  accordance  v/ith  the  best  welding  practice. 
Cracks  or  other  defects  disclosed  when t he  castings  are  cleaned  or  during 
machining  operations  shall  be  chipped  off  down  to  sound,  clean  metal  be- 
fore any  repairs  are  made»  If  the  removal  of  metal  to  uncover  the  crack 
or  defect  reduces  the  stress-resisting  cross  section  of  the  casting  more 
than  thirty  per  cent  (30=^),  the  casting  may,  at  the  option  of  the  contract- 
ing officer  or  his  authorized  representative,  be  rejected  or  repaired. 
Castings  requiring  welding  repairs  at  any  stage  of  manufacture  after  the 

first  annealing  shall  be  re-annealed  unless  otherwise  permitted  by  the 
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contracting  officer. 

Neither  the  wall  thickness  nor  other  dimensions  of  the  castings  shall 
be  less  than  called  for  on  the  drawings  by  an  amount   sufficient  to  impair 
by  more  than  teji  per  cent    (10^)  the  strength  of  the  castings  of  the  dimen- 
sions  shown  on  drawings  or  to   exceed  by  any  amount  the  stresses  allowed 
ijnder  these  specifications.     Castings  shall  not  be  warped   or  otherwise 
distorted,   nor  shall  their  dimensions  be  oversize  to  such  an  extent  as  to 
interfere  with  proper  fit  with  other  parts  of  the  equipment.     The  structure 
of  the  castings  shall  be  homogeneous  and  free  from  excessive  non-metallic 
inclusions.     An  excessive  segregation  of  impurities  or  alloys  at   critical 
points  in  the  castings  shall  be  sufficient  cause  for  its  rejection, 

2-12.     STEEL  F0RGING5. 

Steel  forgings  shall  be  of  a  quality  at   least   eqxial  to  that  required  by 
the  specifications  of  the  American  Society  for  Testing  Materials  for  Carbon 
Steel  Forgings,   Serial  Designation  A-18-39*   Class  E» 

2-13,     STEEL  PLATES. 

Steel  plates  for  the  scroll  case  and  penstock  section  for  the  9,000 
hp  ttirbine,   for  half-sections  of  pit   liners  containing  the  servo-motors, 
and  for  speed  rings,  top  and  bottcm  cover  plates,   and  pressure  tanks  shall 
confoim  to  the  specifications  of  the  American  Society  for  Testing  Materials 
for  Low  Tensile  strength  Carbon-steel  Plates  of  Flange  and  Firebox 
Q^ualities,   Serial  Designation  A-89-39t   firebox  quality,   Grade  B. 

Steel  plates  for  the  balance  of  the  pit   liners,   and  for  draft  tubes, 
sump  tanks  and  other  unimportant  stress- carrying  parts  shall  conform  to 
the  specifications  of  the  American  society  for  Testing  Materials  for  Steel 
plates  of  structural  quality  for  Forge  Welding,   Serial  Designation  A-78-39t 
Grade  B« 

Rivets  shall  conform  to  the  specifications  of  the  American  Society  for 
Testing  Materials  for  Poller  Rivet  steel  and  Rivets,  Serial  Designation 
A-31-39. 

2-14.      CORROSION  RESISTIM}  STEEL. 

a_.   Corrosion  resisting  steel  (sheet,    strip  and  plate,)  except  as  other-^ 
wise  herein  specified,   shall  meet  the  requirements  of  Napvy  Department 
Specification  473-20a,    Corrosion  Resisting  Steel  for  plates.   Sheet,   Etc., 
of  the  following  grades: 

!_•     Where  specified  herein  as   ''l&t 
chromium  and  I85J  nickel",    it 
shall  refer  to  Class  I,. 

2*     Where  specified  herein  as   *13% 
chrome,*  it  shall  refer  to 
Class  3» 

2«     Where  specified    herein  as   "17t 
chrane,"  it  shall  refer  to 
Class  4* 
b»     Corrosion  resisting  steel  for  bars  and  rods  shall  confoim  to  Navy 
Department  Specification  46  S-18b,   Steel,   Corrosion-Resisting:     Bars,  Rods 
and  Forgings,  Grade  lA»     Where  used  as  sealing  strips  on  wicket  gates  and 
like  work  where  stresses  will  not  be  transmitted  through  the  corrosion 
resisting  steel  bars  or  rods,  the  tests  described  in  the  aforementioned 
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specification  will  not  be  req.uired  and  the  contractor  shall  furnish  only 
the  chemical  test  reports  for  the  products  to  be  used, 

£•  Corrosion  resisting  steel  for  castings  shall  conform  to  the 
specifications  of  the  ./^nerican  Society  for  Testing  Materials  for  Chrcraitm 
Alloy-steel  castings.  Serial  Designation  A-221-39,  Grade  A, 

2-15.   ELECTRIC  ^TELDIMG  -  FUSION  TYPE. 

a.  Preparation  for  welding*  'Members  to  be  joined  by  welding  shall 
be  accurately  cut  to  size,  and  where  required,  shall  be  rolled  or  pressed 
to  the  proper  curvature  in  accordance  with  dimensions  shown  on  the  drawings* 
The  dimensions  and  shape  of  the  edges  to  be  joined  shall  be  such  as  to 
allow  thorough  fusing  and  complete  penstration  and  edges  shall  be  planed 
if  necessary  to  accomplish  this  result.  The  members  which  are  to  be  welded 
together  shall  be  in  sufficiently  intimate  contact  at  the  time  of  welding 
so  that  the  members  will  not  be  forced  more  closely  together  with  the 
cooling  of  the  weld,  thus  setting  up  additional  strains  and  distortions  in 
the  weld  and  parent  metal.  The  surfaces  of t  he  members  to  be  welded  shall 
be  free  from  rust,  grease,  or  scale  for  a  distance  one  half  inch  back 
frcm  the  welding  edge  at  the  time  of  welding.  Flame  cutting  may  be  used  in 
the  preparation  of  the  various  members  providing  this  operation  is  performed 
by  a  machine  supplemented  by  finishing  of  edges  if  necessary  in  the  opinion 
of  the  contracting  officer.  Any  contour  irregularities  at  points  of  criti- 
cal stresses  shall  be  removed  by  welding  and/or  grinding, 

b_.  Welding,  The  welding  of  all  joints  shall  be  done  by  a  process 
that  will  produce  complete  fusion  with  the  parent  metal.  All  welds  shall 
be  free  from  unsound  metal  and  cracks.  Minor  imperfections  in  welds  may 
be  chipped  out  and  the  defect  rewelded  subject  to  the  approval  of  the 
inspector.  The  finished  depressions  and  other  irregularities  and  extraneous 
nodules  of  weld  metal  shall  be  removed  by  chipping.  The  size  of  elec- 
trodes, amperage,  average  depth  of  individual  layers  and  other  details  of 
the  welding  process  used  in  the  manufacture  of  the  parts  shall  meet  with 
the  approval  of  the  contracting  officer.  Welding  procedure,  as  to  direction, 
length,  number  and  sequence  of  beads,  shall  be  carefully  planned  so  as  to 
minimize  locked  up  stresses.  Distortions  due  to  welding  or  stress  re- 
lieving shall  not  be  corrected  by  blows.  AH  finished  welds  shall  be  shot- 
blasted  bo  ronove  scale  and  facilitate  inspection.  All  welds  which  are 
subjected  to  tension  or  bending  shall  be  done  by  the  shielded  arc  method, 
using  coated  welding  rods  or  a  suitable  flux,  or  gaseous  envelope  to  shield 
the  arc  and  molten  metal.  All  scale  or  flux  shall  be  removed  after  each 
pass.  All  shop  welded  parts  which  will  be  subject  to  alternate  stresses  or 
shocks  shall  be  stress-relieved  in  accordance  with  Navy  Department's 
"Specifications  for  Welding  and  Reference  Data  for  Use  Therewith,"  (General 
Specifications  -  Appendix  5«) 

c.  Electrodes,  The  electrodes  used  throxighout  the  work  shall  be 
suitable  for  use  with  the  parent  metal  at  each  weld.  Electrodes  shall  be 
received  on  the  job  in  unbroken  packages  bearing  the  manufacturer's  label 
or  be  otherwise  marked.  Certified  statements  shall  accompany  each  shipmeht 
of  electrodes  to  the  effect  that  sample  pieces,  representative  of  each  kind 
and  size  in  each  shipment,  have  satisfactorily  passed  the  tests  required  by 
Navy  Specifications  22  w  -7C,  or  the  American  Bureau  of  Shipping, 

d_.  Qualifications  of  welders.  All  welding  under  this  contract  shall 
be  done  only  by  welders  who  have  successfully  passed  the  qualification  tests 
of  the  ,\merican  Bureau  of  shipping  or  of  the  U,  S»  Navy  Department  or  under 
the  A,S.M.E,  Boiler  Construction  Code,  The  contractor  shall  bear  the 
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expense  of  conducting  these  tests,  and  shall  certify  by  name,  to  the  con- 
tracting officer,  welders  who  have  successfully  passed  the  prescribed  tests. 
The  contractor  shall  require  any  welder  to  repeat  these  tests  when,  in  the 
opinion  of  the  contracting  officer  or  his  representative,  the  work  of  the 
welder  indicates  a  reasonable  doubt  of  his  efficiency.  In  such  cases  the 
welder  shall  be  recertified  as  above  if  he  successfully  passes  the  retest ; 
otherwise,  he  shall  be  disqualified  until  he  has  successfully  passed  a 
retest, 

e.  Test  Specimens,  The  contractor  shall  provide  without  charge  to 
the  Government,  all  necessary  test  specimens  properly  machined  for  testing 
and  all  samples  or  drillings  for  analysis,  and  shall  notify  the  contracting 
officer  or  his  representative  when  the  test  specimens  or  samples  are  ready 
for  testing.  All  test  specimens  and  samples  shall  be  plainly  marked  to 
indicate  the  materials  they  represent  and  shall  be  properly  boxed  and 
prepared  for  shipment  if  desired.  All  tests  including  materials  shall  be 
made  at  the  expense  of  the  contractor.  Acceptance  of  apparatus  or  the 
waiving  of  inspection  thereof  shall  in  no  way  relieve  the  oontraotor  of  the 
responsibility  for  furnishing  apparatus  meeting  the  recLuirements  of  these 
specifications, 

2-16,   CORROSION  RESIgriNG  BOLTS  AI^ID  NUTS. 

Bolts  and  nuts  shall  be  made  of  corrosion  resisting  steel  or  bronze 
when  used  under  either  of  the  following  conditions*. 
a_.  Bolts  projecting  from  the  concrete, 

with  nuts  subject  to  removal, 
b.  Throughout  the  work  when  bolts  or 
nuts  or  both  are  subject  to  fre- 
quent adjustment  or  removal,  such 
as  adjusting  bolts  for  gland  rings 
of  stuffing  box,  manhole  bolts, 
bolts  on  man-doors,  removable  screens, 
strainers  and  adjustable  bearings. 
Corrosion  resisting  steel  for  bolts  and  nuts  shall  be  of  quality  at 
least  equal  to  Navy  Department  Specification  46-S-l8b,  Corrosion  Resisting 
Steel  for  Bars,  Rods,  and  Forgings,  Class  6, 

Bronze  for  bolts  and  nuts  shall  be  of  quality  at  least  equal  to  that 
required  by  the  American  Society  for  Testing  Materials  standard  specification 
for  Naval  Brass  Rods  for  Structural  Purposes,  Serial  Designation  pi-21-29. 

2-17.  WORiaiANSHIF. 

All  work  shall  be  done  and  completed  in  a  thorough,  workmanlike  manner 
and  shall  follow  the  best  modern  practice  in  the  manufactxire  of  high-grade 
machinery  notwithstanding  any  emissions  from  these  specifications  or  drawings. 
All  work  shall  be  done  by  mechanics  skilled  in  their  various  trades.  All 
paxts  shall  be  made  accurately  to  standard  gage  when  possible  so  as  to 
facilitate  repair  and  replacement. 

2-18,  TMPUTES..  GAGES.  PATTER^TS.  ETC. 

The  contractor  shall  provide,  and  retain  in  storage  for  at  least  10 
years,  free  of  cost  to  the  Government,  sufficient  templates,  gages,  patterns 
and  records  to  allow  the  contracting  officer  to  have  major  repair  and/or 
replacement  parts  made  to  the  best  and  most  economical  advantage  of  the 
United  states.  Before  destruction  of  such  gages,  patterns  or  records  at 
the  end  of  the  specified  period,  the  contractor  shall  notify  the  contracting 
officer  of  his  intent  to  do  so. 
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(i.11  special  templates  and  gages  necessary  for  field  erection  shall  be 
the  property  of  the  Government. 
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SECTICK  III 

TURBINES 

3-01.        TYPE  OF  TIBBINES. 

The  turbines  shall  be   of  the  vertical  shaft  Francis   type,   with  the 
67,100  hp  turbines  installed  in  concrete  spiral  casings  and  the  9,000  hp 
turbine   installed   in  a  steel  plate  scroll  case.     The  turbines  shall  be  so 
designed  and  constructed  that  all  removable  parts,    including  runner,   shaft, 
guide  bearing,   guide  bearing  support,   crown  plate,  gate  operating  mechanism 
and  the  wickst  gates  can  be  removed  from  above.     The   turbine  contractor 
shall  cooperate  with  the  generator  contractor,   after  subsequent  award  of  gen- 
erator contract,   to  the  end  that  the  largest  turbine  part  required  to  be 
passed  through  the  generator  stator  may  be  accommodated  by  the  opening 
through  the  generator  stator. 

(a).     Head  Variation.     The   head  variations  under  which  the  turbines 
will  operate  are  as  given  in  paragraph  2-02. 

(b)  Speeds .     The  normal  speeds  shall  be   69.2  r.  p.  m.   for  the 
67,100  hp  turbines  and  I50  r.   p.  m.   for  the  9,000  hp  turbine.     Rotation  shall 
be   in  clockwise  direction,   when  viewed  from  the  top  down. 

All  parts  of  each  turbine  shall  be  so  constructed  that  they  will  with- 
stand, without  injury,  the  stresses  induced  by  the  runaway  speed  of  the  unit 
when  operating  at  90  feet     head  with  no  load  on  the  generator. 

(c)  Capacity  -   67,100  hp  units.     Each  main  turbine  shall   have  a 
capacity  at  best  gate   of  not  less  than  6l,lOO  hp  at  an  effective  head  of  81 
feet,  and  a  capacity  of  67,100  hp,   plus  or  minus  f)%  at  that  effective  head. 
At  heads  higher  than  85  feet,   the   turbine  gate  openings  will  be  limited  so 
that  the  maximum  output  will  not  exceed  72,200  hp. 

9,000  hp  unit.     The  house   turbine  shall  have  a  capacity  at  full  gate 
of  not  less  than  9,000  hp  at  81  feet  effective  head.     At  heads  higher  than 
81  feet,   the   turbine  gate  openings  will  be  limited  so  that   the  maximum  out- 
put will  not  exceed  this  rated  capacity. 

(d)  Operation.     The   turbines  shall   operate  at  any  gate  and  under 
any  head  from  71-3" feet  to  87.3  feet,   within  the  limitation  set  forth  under 
"Cavitation,"   in  paragraph  3-15  without  causing  objectionable  surges   in  power 
output,   detrimental  vibrations  or  objectionable  noises,   other  than  those  due 
to  the  resonance   of  the  substruccure.     How  ever,    the  turbine  contractor  will 
not  be  held  responsible   for  any  surges,   vibrations  or  noises  emanating  from 
any  source   other  than  Ihe  design,   construction  and  erection  of  the   parts     manu- 
factured by  him. 

The  Government  will  limit  the   output  with  such  degree  of  assurance  as 
available  protective  devices  will  permit,   by  load  limit  stop  on  the  governor 
and  adjustable  mechanical  stop  on  the  piston  stroke   of  the  gate  servo-motor 
and  any  other  approved  means.     However,    the   turbines  shall  be  so  designed  and 
constructed  that  a  temporary  overload,   not  to  exceed  15/2,   will  cause  no  damage. 
In  making  provision  for  such  an  overload,    the  unit  stresses  may  be   increased 
above  those  hereinbefore  specified,   but  shall  not  exceed  one-half  the  elastic 
limit  of  the  metal. 

(e)  Elevations.     The  centerline   of  the  distributor  or  speed  ring  fcr 
both  sizes  of  turbines  has  been  established  at  elevation  I63.     For  the  67,100 

hp  turbines,    the  low  point  of  the  floor  of   the  draft  tube   immediately  downstream 
of  the  centerline   of  the   turbine  has  been  established  at  elevation  100,   and  for 
the  9»000  hp  tiorbine   the  floor  of  the  draft  tube  has  been  established  at  elevat- 
ion 110. 
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3-02.  BUNKER. 

The  runner  for  each  size  turbine  shall  be  made  of  cast  steel  and  so 
constructed  as  to  be  readily  removable  from  the  shaft.  For  the  67»100  hp 
turbines,  each  runner  shall  be  made  in  one  piece,  or  in  the  minimum  number  of 
pieces  pennitted  hy  manufacture  and  shipping  features,  arranged  for  assembly 
by  the  contractor  at  the  site  and  fastening  together  rigidly  and  securely  by 
means  of  shrink  rings. 

The  ruimer  for  the  9,000  hp  turbine  shall  be  made  in  one  piece. 

The  runner  shall  be  designed  to  support  its  own  weight  and  the 
weight  of  the  turbine  shaft,  when  the  latter  is  disconnected  from  the  genera- 
tor shaft  and  the  runner  is  resting  on  a  ledge  or  shoulder  in  the  lower  sec- 
tion of  the  speed  ring. 

The  runner  shall  be  provided  with  renewable  seal  or  wearing  rings 
properly  seated  in  the  hub  and  bands.  The  upper  and  lower  seal  clearances  of 
the  runner  shall  be  such  that  the  runner  can  be  lifted  not  less  than  5/6 
inches  on  the  67,100  hp  turbines  and  3/8»  on  the  9tOOO  hp  turbine,  in  order 
to  repair  the  generator  thrust  bearing. 

All  surfaces  exposed  to  the  flow  of  water  shall  be  finished  smooth 
by  grinding  or  other  means  so  that  they  will  be  true  to  designed  shapes  and 
free  from  hollows,  depressions,  cracks  or  projections  which  might  cause'  ca- 
vitation or  pitting. 

A  cone  attached  to  the  hub  shall  be  provided  to  guide  the  water  as 
it  leaves  the  runner.  The  runner  shall  have  vent  holes  through  the  hub  to 
relieve  pressure  xmder  the  head  cover. 

The  entire  runner  for  the  9tOOO  hp  turbine  shall  be  statically 
balanced  before  leaviiag  the  shop.  The  runner  for  each  67,100  hp  turbine  shall 
be  similarly  balanced  in  the  shop  if  built  in  one  piece,  and  if  assembled  at 
the  site,  it  shall  be  statically  balanced  by  the  contractor  after  assembly  and 
any  necessary  machining,  etc.,  have  been  completed. 

3-03.  SHATT. 

The  shaft  shall  be  forged  open-hearth  carbon  or  alloy  steel,  proper- 
ly heat  treated  and  of  ample  size  to  operate  without  objectionable  vibration 
or  distortion  at  any  speed  up  to  full  runaway  speed.  It  shall  have  a  forged 
flaiiged  half  coupling  on  the  upper  end  for  connecting  to  the  half  coupling  on 
the  lower  end  of  the  main  generator  shaft  and  a  similar  half  coupling  on  the 
lower  end  for  bolting  the  shaft  to  the  runner  by  means  of  heavy  steel  bolts. 
The  generator  contractor  for  each  unit  will  furnish  the  template  for  his  half 
of  the  coupling  to  the  turbine  contractor. 

The  turbine  shaft  shall  be  accurately  machined  all  over  and  polished 
where  it  passes  through  the  guide  bearing.  The  shaft  for  each  67,100  hp  tur- 
bine shall  have  a  hole  at  least  6  inches  in  diameter  bored  axially  throughout 
its  entire  length  and  the  shaft  for  the  9,000  hp  turbine  shall  have  a  similar 
hole  at  least  4"  in  diameter.  The  machining  of  the  bore  shall  be  sufficiently 
smooth  to  permit  visual  inspection  of  the  metal  in  the  interior  of  the  shaft. 

The  generator  shaft  for  each  unit,  complete  with  thrust  block  and 
thrust  collar,  will  be  shipped  to  the  turbine  contractor  who  shall  furnish 
the  coupling  bolts  and  nuts  and  ream  the  holes  in  the  generator  and  turbine 
coupling  flanges  and  fit  the  coupling  bolts.  The  turbine  contractor  shall 
check  shaft  sections  individually,  and  then  assemble  the  generator  shaft  and 
the  section  of  turbine  shaft  on  trunnions  01^ vertically  for  alignment  check 
of  the  entire  shaft.  Tolerances  for  the  shafts,  bearing  siirfaces  and  coupl- 
ing flanges  shall  be  as  follows: 


3-2 


Individual  Turbine  and  Generator  Shafts* 

All  cylindrical  portions  of  shafts  shall 
show  not  more  than  .0015  i-^ch   on  the  indicator, 
or  .00075  inch  from  straight.  Faces  of  coupl- 
ing flanges  and  thrust  beariOig  faces  shall  show 
a  mari nnun  of  .00075  inch  on  the  indicator. 

The  male  projection  of  the  turbine  shaft 
shall  show  a  maximum  runout  of  not  more  than 
•001  inch.  The  surface  of  the  shaft  at  the 
turbine  main  bearing  shall  show  not  more  than 
•001  inch  on  the  indicator. 

Combined  Turbine  ipnd  Generator  Shafts. 

All  cylindrical  portions  of  the  shaft  in- 
cluding guide  bearing  surfaces  shall  show  not 

more  than  .003  inch  on  the  indicator,  or  .0015 

inch  from  straight.  Thrust  bearing  faces  shall 

show  a  maYJmum  of  .0015  inch  on  the  indicator. 

Alignment  shall  be  withessed  and  approved  in  writing  by  the  genera- 
tor, contractor,  the  turbine  contractor  and  the  contracting  officer. 

Any  corrections  to  the  generator  and  turbine ■ shaft  shall  be  made  im- 
mediately, the  turbine  and  generator  contractors  cooperating  to  effect  this  so 
as  to  minimize  any  delays  and  adhere  to  the  shipping  schedules.  The  turbine 
contractor  shall  receive  and  load  the  generator  shaft,  for  shipment  to  the 
power  house  of  the  Government,  at  his  expense.  Shipment  will  be  made  on 
Government  bills  of  lading  at  Government  expense. 

A  male  and  female  type  of  coupling  shall  be  furnished,  the  tongue  of 
the  male  half  to  be  on  the  turbine  shaft  and  to  be  approximately  3/8  inch  high. 
The  turbine  and  generator  contractors  shall  cooperate  to  provide  a  sliding  fit 
between  the  two  halves  of  the  coupling. 

All  coupling-  bolts  shall  be  a  close  machine  fit  and  of  dimensions 
consistent  with  the  remainder  of  the  design.  Taper  bolts  shall  not  be  used. 
The  coupling  bolts  shall  be  provided  with  suitable  locking  devices  to  prevent 
the  nuts  from  turning  loose. 

The  coupling  flanges  and  bolts  shall  be  designed  for  lifting  the 
runner  and  shaft  with  four  coupling  bolts. 

The  contractor  shall  provide  a  bolt  press  or  jack  if  needed  for  in- 
serting and  removing  the  coupling  bolts.  This  bolt  press  or  jack  shall  become 
and  remain  the  property  of  the  Government. 

The  turbine  shaft  shall  have  a  removable  and  renewable  sleeve  of 
corrosion-resisting  steel  (18^  chromium  and  852  nickel  composition  or  equal) 
where  it  pass  es  through  the  stuffing  box  and  shall  be  enlarged  and  polished 
where  it  passes  through  the  guide  bearing  in  the  turbine  head  cover.  For  the 
9»000  hp  turbine  the  shaft  shall  also  be  enlarged  and  polished  where  it  passes 
through  the  intermediate  support  bearing. 

A  steel  or  aluminum  deflecting  skirt  shall  be  provided  below  the 
bearing  oil  reservoir  to  prevent  inter-mixture  of  water  with  bearing  oil  as 
a  result  of  a  stream  of  water  shooting  upward  through  a  possible  break  in  the 
stuffing  box  packing. 

Just  above  the  main  bearing  housing  a  circuznferential  line  shall  be 
Bcribed  on  the  shaft,  and  an  adjustable  pointer  shall  be  mounted  on  the  bear- 
ing housing  opposite  this  line  to  indicate  if  any  lowering  of  the  shaft  oc- 
etirs,  and  to  permit  re-alignment  after  thrust  bearing  dismantling.  The  shaft 
shall  be  gound  and  polished  at  convenient  location  below  the  coupling  and 
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above  the  main  bearing  to  faciliate  checking  alignment. 

The  shaft  for  each  67flOO  hp  turbine  shall  have  a  height  of  21  feet 
above  the  center  line  of  the  distributor,  or  to  elevation  184;  the  shaft  for 
the  9,000  unit,  including  the  intermediate  section,  shall  have  a  height  of  J2. 
feet  above  the  distributor  center  line,  or  to  elevation  195 •   (For  purposes 
of  designing  the  shafts  for  stability  and  strength,  the  center  line  of  the 
generator  guide  bearing  for  each  67,100  hp  unit  shall  be  considered  as  being 
at  elevation  19?  and  for  the  9,000  hp  unit  at  elevation  204.   The  intermediate 
support  bearing  for  the  latter  unit  shall  be  located  with  its  center  line  at 
elevation  I85.) 

3-04.   GUIDE  BEARINGS. 

The  main  turbine  guide  bearing  shall  be  of  approved  height,  of  bab- 
bitt-lined, oil  lubricaited  type,  or  approved  equal,  located  cdDOve  the  runner 
and  shall  consist. of  a  bearing  support  and  a  removable  bearing  shell.  The  bear- 
ing shall  be  located  as  close  as  possible  to  the  runner,  consistent  with  conve- 
nient access  to  the  main  packing  gland.   It  shall  be  so  arranged  as  to  permit  at 
least  3/8  inch  vertical  movement  of  the  runner  and  shaft  for  adjusting  and  dis- 
mantling the  generator  thrust  bearing,  for  each  67,100  hp  unit;  and  a  vertical 
movement  of  3/8  inch  for  the  9,000  hp  unit.  The  guide  bearing  support  or  hou- 
sing shall  be  of  steel  castings  of  heavy  construction,  supported  on  the  head 
cover  and  designed  to  hold  the  bearing  shell  rigidly.   The  bearing  housing  and 
bearing  shell  shall  be  split  vertically  into  two  sections  to  faciliate  dismant- 
ling. 

An  intermediate  guide  bearing  shall  be  provided  for  the  9,000  hp 
turbine,  with  its  supporting  frame  or  spider  rigidly  carried  or  supported  at 
the  outer  diameter  by  the  pit  liner.  The  bearing  shell  shall  in  all  its  de- 
tails be  similar  to  the  bearing  shell  of  the  main  guide  bearing  of  the  turbine. 

The  bearing  shell  shall  be  lined  with  babbitt  similar  and  at  least  e- 
qual  to  Selby  Diesel  Engine  babbitt  or  Tuftex  No.  20  alloy,  accurately  bored, 
and  suitably  grooved  for  oil  circulation.  The  final  fitting  and  scraping  of 
the  bearing  will  be  done  in  the  field,  to  insure  proper  fit  on  the  shaft.  Suit- 
able lifting  eyes  and  backing  out  studs  shall  be  provided  to  facilitate  remov- 
ing and  installing  the  bearing  shell  segments  and  the  bearing  in  a  minimum  a- 
mount  of  time. 

Lubrication  of  the  turbine  guide  bearing  (or  bearings)  shall  be  ef- 
fected by  oil  circulated  through  the  bearing  (or  bearings).  The  circulation 
shall  be  from  an  oil  reservoir  in  the  bottom  of  each  bearing  to  the  oil  pumps, 
and  thence  through  the  bearing,  and  after  passing  through  the  bearing  the  oil 
shall  be  returned  to  the  oil  reservoir.   A  standard  oil  level  gage  glass  shall 
be  provided  in  the  oil  reservoir,  giving  clear  vision  of  the  oil  to  the  bottom 
of  the  reservoir,  to  indicate  the  amount  of  water  in  the  r.eservoir.  The  gage 
shall  be  provided  with  drain  cock  to  remove  the  water.   If  cooling  is  necessary, 
the  oil  shall  be  circulated  through  suitable  cooling  coils  immersed  in  circula- 
ting cold  water.   Cooling  coils  shall  not  be  placed  in  the  guide  bearing  hous- 
ing. The  lubricating  oil  system  for  each  turbine  shall  have  sufficient  capac- 
ity to  supply  the  required  amount  of  oil  to  the  turbind  guide  tearing  (or  bear- 
ings), and  the  oil  reservoir  shall  have  sufficient  capacity  to  hold  all  the 
oil  in  the  entire  bearing  system. 

Two  independent,  motor-driven  positive  displacement,  rotary  type, 
oil  pumps  shall  be  provided  for  circulating  the  lubricating  oil.  The  purnps       ■ 
shall  be  mounted  in  a  recess  or  alcove  provided  in  the  tuibine  pit  liner 

above  elevation  .   One  of  the  oil  piimps  shall  be  driven  by  a  60- 

cycle,  3  phase,  230  volt,  alternating  current  motor,  and  the  other  pump 
shall  be  driven  by  a  125  volt,  direct-current  motor;  power  for  the  latter 
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will  be  supplied  from  the  station  storage  battery.  The  pump  motors  shall 
hare  enclosed  conduit  boxes  and  shall  be  reasonably  protected  against  mois- 
t\ire#  Capacity,  speed  and  torque  of  the  motors  shall  be  designed  for  full 
voltage  starting  and  shall  conform  to  A.l.E.E.  Standards. 

Noimally  the  oil  shall  be  circulated  by  the  alternating  current 
motor  pumping  unit,  but  the  direct  current  motor  shall  be  arranged  to  start 
autanatically  and  supply  oil  to  the  bearing  (or  bearings,)  upon  failure  of 
the  alternating  current  supply.  An  alaim  shall  be  provided  to  operate  upon 
the  failure  of  the  alternating  current  pumping  unit. 

A  flow  indicator  shall  be  provided  on  the  discharge  of  the  oil 
circulating  system  for  each  bearing,  with  connection  to  operate  an  alarm  and 
indicating  light  on  the  switchboard. 

The  contractor  shall  provide  manually  operated  control  switches  and 
overload  protection  for  each  pump  motor,  to  be  moxuited  on  the  auxiliary  panel 
specified  in  paragraph  3-17» 

The  contractor  shall  furnish  the  complete  lubricating  system  for 
the  turbine  guide  bearing  (or  bearings),  including  the  oil  reservoir,  cool- 
ing chamber,  if  any,  sight  flow  gages,  oil  level  indicators,  all  piping  be- 
tween the  turbine  bearing,  pumping  iinits  and  oil  reservoir,  all  necessary 
temperature  relays,  indicators  and  detectors  as  specified  in  paragraph  3~17t 
and  relays  for  remote  annunciator  indication  at  the  switchboard  or  at  the 
actuator,  and  other  accessories  for  the  automatic  operation  of  the  oil  cir- 
culating system.  All  oil  piping  shall  be  brass,  with  brass  valves  and  fit- 
tings. 

All  external  wiring  beyond  the  limits  of  the  turbine  pit  for  the 
motors,  alanns,  and  shutdown  features  will  be  supplied  by  the  Govenmient. 

The  main  guide  bearing  shall  be  so  designed  and  located  with  re- 
ference to  the  main  stuffing  box  beneath  it  as  to  pezmit  ready  access  to  the 
latter  for  maintenance  without  removing  the  guide  bearing. 

Each  bearing  shall  have  removable  top  cover  plates  to  prevent  dirt 
or  foreign  matter  working  its  way  into  the  bearing. 

Under  any  condition  of  normal  operation,  from  no  load  to  full  laadt 
no  water  shall  enter  the  lubricating  oil  system,  and  there  shall  be  no  ap- 
preciable loss  of  oil  by  leakage  past  the  lower  oil  shedder  or  by  overflow 
from  any  part  of  the  oil  system.   An  initial  supply  of  lubricating  oil  shall 
be  supplied  by  the  contractor. 

Stuffing  Box.  The  shaft  stuffing  box  shall  be  provided  with  a 
lantern  ring,  designed  to  be  easily  removable,  securely  held  to  prevent  ro- 
tation with  the  ahaft,  and  provided  with  connections  for  water  lubrication. 
Approved  packing  rings  shall  be  provided  above  and  below  the  lantern  ring. 
The  stuffing  box  gland  shall  be  removable,  of  aluminum  alloy,  split  verti- 
cally and  provided  with  corrosion  resisting  bolts.  The  lantern  ring  may  be 
omitted  on  a  showing  of  better  or  equedly  good  substitute  design. 

A  suitable  water  line  of  copper  tubing  shall  be  provided  by  the 
contractor  to  the  stuffing  box  for  its  lubrication,  one  branch  of  this  line 
to  go  through  the  wall  of  the  stuffing  box  to  the  lantern  ring  and  the 
second  branch  to  carry  water  for  circulation  around  the  top  of  the  stuffing 
box.  The  Government  will  bring  in  clear  water  supply  to  one  point  in  the 
turbine  pit  and  the  contractor  shall  provide  all  other  piping,  fittings, 
valves,  etc.  required  in  the  txirbine  pit,  carrying  piping  under  turbine. deck, 
concealed  as  far  as  practicable. 

Nothing  in  these  specifications  shall  be  construed  to  prevent  the 
contractor  frcm  ftirnishing  an  approved  synthetic  rubber,  non-adjustable, 
spring-retained  packing. 
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3-05 •   SPEED  RING. 

The  speed  ring  shall  be  designed  to  withstand  all  stresses  to  which 
it  may  be  subjected  during  installation,  operation  and  dismantling,  including 
those  caused  by  the  weight  of  structure  and  machinery  loads  from  above  with 
the  spiral  casing  or  the  scroll  case  empty  so  that  it  shall  become  an  integr- 
al part  of  the  structure. 

The  speed  ring  shall  consist  of  welded  plate  steel  or  cast  steel  in 
radial  seelons  to  permit  shipment  by  rail,  properly  flanged  for  securely  bolt- 
ing together  in  the  field.  If  cast  steel  vanes  are  used,  they  shall  be  cast 
integral  with  upper  and  lower  rings;  or  if  welded  steel  plate  is  used,  the 
vanes  shall  be  shop  welded  to  the  upper  and  lower  rings.  If  speed  ring  is  made 
of  welded  plate  steel,  the  upper  and  lower  curb  rings  shall  be  die  formed  be- 
fore welding  to  vanes. 

Provision  shall  be  made  in  the  speed  ring  for  each  67,100  hp  tvir- 
bine  to  put  the  vanes  in  tension,  inasmuch  as  the  upward  reaction  at  the  speed 
ring  due  to  water  pressure  in  the  spiral  casing  will  exceed  the  weight  of  the 
generator  and  intervening  structure  for  part  of  the  circumference.  The  con- 
tractor shall  provide  a  sufficient  number  of  large  diameter  reinforcement  bars, 
upset  at  one  end  and  threaded  and  attached  to  the  upper  ring  of  each  67tlOO 
hp  turbine,  for  that  portion  of  the  circumference  where  excess  water  pressure 
will  exist.  The  threaded  ends  shall  be  inserted  throxigh  holes  in  the  speed 
ring  rima  or  flanges  and  provided  w»ith  double  nuts,  except  that,  at  ribs, 
flanges  and  wherever  through  bolts  can  not  be  placed,  the  rods  shall  be 
threaded  into  tapped  holes  in  the  speed  ring.  Each  rod  shall  extend  sixty 
(60)  diameters  beyond  the  point  of  attachment. 

The  speed  ring  for  the  9*000  hp  turbine  shall  have  the  toff  and 
bottom  flanges  notched  and  drilled  for  riveting  to  the  steel  plate  scroll 
case. 

Flanges  shall  be  provided  on  each  speed  ring  for  connections  to 
the  pit  liner,  to  the  head  cover  and  to  the  discharge  ring  if  one  is  used,  or 
to  the  bottom  plate.  One  vane  in  the  speed  ring  for  the  67,100  hp  turbine 
shall  be  made  V-shaped  to  foim  the  tip  of  the  concrete  spiral  casing  or  de»- 
f lector  wall.  The  baffle  vane  in  the  speed  ring  for  the  9,000  hp  ttirbine 
shall  have  an  adequate  connection  to  the  scroll  case.  Two  guide  vanes  in 
each  speed  ring  shall  be  cored  for  discharge  pipes  to  drain  the  head  cover 
leaJcage. 

The  diameter  of  each  size  speed  ring  shall  be  sufficient  to  avoid 
appreciable  overhang  of  the  control  gate  tips  over  the  curve  of  the  curb  ring 
when  the  gates  are  open,  and  such  overhanging  portion  of  control  gates  as 
may  be  found  unavoidable  shall  be  streamlined  toward  the  bottom  to  prevent 
disturbance  in  the  water. 

Speed  ring  vanes  shall  be  made  streamlined  and  shall  be  curved  in 
horizontal  section  to  guide  the  entering  water  frcm  essentially  tangeat  dir- 
ection to  the  proper  entrance  angle. 

Each  section  of  the  speed  ring  shall  be  provided  with  eye bolts  or 
lugs  for  attaching  slings  for  handling.  A  sufficient  nxuaber  of  pads  shall  be 
provided  for  the  application  of  jacks  and  a  corresponding  number  of  suitable 
jacks  shall  be  provided  for  leveling  the  speed  ring  during  erection  and 
supporting  it  in  proper  position  while  the  surroiinding  concrete  is  being 
placed.  Anchor  rods  or  hold-dowa  bolts  shall  be  provided  to  restrain  any 
upward  movement  of  the  speed  ring  during  concreting  operations  and  to  subse- 
quently tie  it  to  the  concrete  supporting  ring. 

Large  holes  shall  be  provided  in  the  speed  ring  to  facilitate  pour- 
ing of  concrete  xuxdemeath  same  and  1-1/2  inch  tapped  holes  midway  between 
for  final  pressure  grouting  of  speed  ring  foundations.  Cover -plates  shall 
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be  provided  for  welding  the  larger  holes  shut,  and  suitable  plugs  shall  be 
provided  for  the  grout  holes. 

3-06.  SCROLL  CASES  AM)  PENSTOCK. 

(a)  67«100  hp  Turbines  —  Scroll  Cases*  The  scroll  case  (or 
spiral  casing)  shall  be  of  the  type  and  outline  as  shown  on  accompanying 
drawings,  of  elliptical  section  with  fixes  of  about  4  to  3  ratio,  formed  in 
the  power  house  substructure*  The  contraction  in  the  upper  portions  shall  be 
rapid,  and  the  velocity  of  the  water  shall  be  continually  increased  up  to  ap- 
proximately 13.3  feet  per  second  at  the  longitudinal  centerline  or  beginning 
of  the  tzue  scroll  case  section. 

(b)  9.000  hg  Turbine  —  Scroll  Case*  TJie  scroll  case  shall  be  of 
the  full  spiral  type,  of  plate  steel  and  designed  for  100  feet  hydrostatic 
head.  All  longitudinal  joints  shall  be  riveted  and  caulked.  Shop  circum- 
ferential joints  may  be  welded  or  riveted.  Field  circxmiferential  joints  shall 
be  riveted.  Rivet  holes  shall  be  sub-punched  and  reamed  to  size  in  shop  as- 
sembly. Where  the  spiral  casing  attaches  to  the  speed  ring,  provisions  shall 
be  made  for  caulking  the  joint  in  the  field  in  an  approved  manner. 

The  scroll  case  shall  be  completely  shop  assembled  and  attached  to 
the  speed  ring  to  assure  correct  fit.  The  pieces  shall  be  riveted  in  a  large 
sections  as  can  be  shipped  and  shall  be  matchmarked  to  facilitate  assembly  in 
the  field. 

A  svifficient  number  of  erection  and  fitting-up  bolts  shall  be  pro*- 
vided  for  ccmplete  assembly  in  the  field,  and  all  necessary  field  rivets  plus 
ten  per  cent  (105?)  exti^  of  each  size  required  shall  be  fumi^ed. 

A  suitable  niunber  of  supporting  brackets  and  liigs  with  hold-down 
tum-buckles  shall  be  provided  for  supporting  and  holding  the  scroll  case  in 
position  while  concrete  is  being  placed. 

The  contractor  shall  provide  a  manhole  24  inches  by  36  inches  in 
size  with  hinged  cover,  flush  with  the  inside,  for  access  to  the  scroll  case. 
It  shall  be  furnished  complete  with  gasket,  bronze  hinge  pins  and  nuts  and 
corrosion-resisting  bolts  and  backing -out  screws,  and  with  pet  cock  and  gage. 

A  saddle  flange  complete  with  gasket  and  bolts  shall  by  provided  on 
the  bottom  of  the  scroll  case  inlet  for  the  connection  of  a  12-inch  drain 
valve. 

The  contractor  shall  tap  the  s  croll  case  and  insert  stainless 
steel  piezometer  type  taps  for  four  connections  for  turbine  flow  meters, 
Winter-Kennedy  or  equal,  and  four  connections  for  net  head  piezcmeters.  The 
details  of  the  design  and  location  of  the  piezometer  taps  will  be  furnished 
by  the  contracting  officer.  The  piezometer  piping  will  be  furnished  by  the 
Government . 

(c)  9,000  hp  Turbine  —  Penstock.  The  contractor  shall  provide 
the  penstock  section  that  is  to  be  attached  to  the  upstream  end  of  the  steel 
scroll  casing,  the  penstock  to  be  10'  -6"  diameter  and  I8  feet  long,  and 
designed  for  100  feet  hydrostatic  head.  It  shall  be  made  of  the  same  steel 
plate  and  similarly  to  the  steel  scroll  case,  and  shall  be  fabricated  in  the 
flhop  in  as  large  sections  as  can  be  shipped.  The  pieces  shall  be  match- 
marked  to  facilitate  assembly  in  the  field,  and  shall  be  shipped  nested. 

Angle  stiffener  rings  shall  be  provided  at  the  upstream  end  and 
intennediate  points,  to  stiffen  the  penstock,  during  erection  and  while 
placing  concrete,  and  to  provide  water  cut-offs. 

3-07.  EEAD  COI^EP  liRD   CROWN  PLATE. 

(a)  67«100  HP  TurbineA.  The  head  cover  shall  be  of  cast  steel  or 
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welded  steel  and  properly  sectionalized  for  shipment  and  handling*  and  shall 
be  made  in  two  units.  It  shall  have  a  circumferential  joint  inside  of  the 
gate  circle  of  such  diameter  that  the  central  portion  of  the  head  cover, 
guide  bearing,  runner  and  turbine  shaft  can  be  completely  removed  or  installed 
without  disturbing  the  control  gate  bearings  and  packing  glands.  Sutiable 
lifting  devices  shall  be  provided  at  four  points  of  attachment  on  the  head 
cover  for  lifting  this  complete  assembly  with  the  crane. 

The  annular  rings  of  the  head  cover  shall  have  heavy  flanges  proper- 
ly designed  so  as  to  prevent  vmdue  deflection,  and  shall  be  bolted  in  position 
by  means  of  ample  number  of  corrosion  resisting  bolts.  The  inner  cover  plate 
shall  be  machined  as  required  for  receiving  the  main  shaft  bearing  and  stuff- 
ing box.  A  seal  or  wearing  ring  shall  be   provided  to  mate  vith  that  on  top 
of  the  rtinner.  The  outer  cover  plate  shall  be  machined  for  proper  mounting 
and  shall  have  noncorrosive  bushing  and  adjustable  bronze  packing  glands  for 
the  gate  stems. 

Removable  wearing  plates  of  "1352  chrome"  corrosion-riai sting  steel 
shall  be  provided  in  the  outer  cover  plate  above  the  wicket  gates,  the  ex- 
posed surface  to  form  an  annular  ring  located  to  match  the  points  of  contact 
between  the  gates  when  in  their  closed  position.  The  wearing  plates  shall  be 
attached  with  corrosion  resisting  screws. 

The  underside  of  the  head  cover  shall  be  designed  to  minimize  fric- 
tion and  eddy  losses  between  the  cover  and  the  ninner  and  the  space  between 
shall  be  adeqxiately  drained  to  relieve  water  pressure  and  to  minimize  hy- 
draulic thrust  and  leakage. 

An  automatic  valve  to  be  operated  by  the  gate  movement  shall  be 
provided  by  the  adniission  of  air  to  the  space  below  the  runner.  The  valve 
shall  act  as  a  check  valve,  or  be  provided  with  a  separate  check  valve,  to 
prevent  the  outflow  of  air  or  water  and  shall  be  adjustable  for  different 
gate  positions.  The  contractor  shall  furnish  all  piping  in  the  turbine  pip 
up  to  the  pit  liner,  suitably  flanged  at  its  terminii  at  the  liner.  The 
piping  will  be  continued  from  that  point  by  the  Government. 

Eyebolts  shall  be  furnished  by  the  top  of  each  head  cover  section 
for  use  in  crane  lifting.  A  walkway  of  removable  sections  of  grating  shall 
be  provided  over  the  head  cover* 

(b)  9.000  HP  Turbine.  The  head  cover  shall  be  of  cast  steel  or 
welded  steel  and  properly  sectionalized,  if  necessary,  for  shipment  and 
handling.  It  shall  not  be  made  in  two  units,  with  a  circumferential  joint 
inside  of  the  gate  circle,  -  but  in  all  other  respects  shall  be  in  accordance 
with  applicable  details  hereinbefore  specified  in  sub-paragraph  3-07(a) 

(c)  Field  Machining  of  Seal  Pings.  For  the  67,100  hp  turbines,  the 
contractor  shall  not  machine  the  seats  for  the  stationary  wearing  rings  on 
the  outer  head  cover  places  and  on  the  bottom  plates  (specified  below)  to 
the  final  diameters,  but  shall  leave  sufficient  stock  so  that  the  seats  may 
be  ground  or  machined  in  the  field  to  final  diameters  and  thereby  insure  that 
they  will  be  true  circles  concentric  with  the  vertical  centerlines  of  the 
units.  The  contractor  shall  provide  suitable  motor-driven  boring  apparatus, 
complete  with  tools,  for  machining, the  stationary  wearing  ring  seats  after 
the  speed  rings  have  been  completely  assembled  and  embedded  in  the  concz^te 
foundations  and  the  turbine  outer  head  cover  and  bottom  plates  and  the  main 
bearing  housings  erected  and  aligned. 

Alternate.  The  contractor  shall  state,  in  the  space 
provided  therefor  in  the  schedvile,  the  reduction  that  will 
be  made  in  the  bid  price  if  the  aforementioned  boring  ap- 
paratus and  tools,  are  not  required  to  be  furnished. 
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3-08,  BOTTOM  PLATE.  The  bottom  plate  shall  be  of  cast  steel  and  shall 
be  sectionalized  as  necessary  to  facilitate  shipment  and  handling,  except 
that  the  bottom  plate  for  the  9,000  hp  turbine  shall  preferably  be  in  one 
piece.  The  bottom  plate  shall  be  designed  to  be  bolted  to  and  to  be  remov- 
able from  the  speed  ring  and  the  discharg*»  ring.  The  contact  surfaces  be- 
tween the  bottom  plate  and  the  speed  ring  .Kd  the  discharge  ring,  shall  be 
machined.  A  seal  or  wearing  ring  shall  be  provided  to  mate  with  the  ring  on 
the  lower  band  of  the  turbine.  -, 

The  bottom  plate  shall  be  machine  finished  where  needed  and  drilled 
and  bronze  bushed  as  required  to  receive  the  lower  ends  of  the  gate  stems. 
The  bushings  shall  be  lubricated  by  grease  forced  through  the  hollow  gate 
stems.  Removable  *Vy^   chrome"  corrosion-resisting  steel  wearing  plates,  at- 
tached with  corrosion  resisting  screws  shall  be  provided  to  form  an  annular 
ring  located  to  match  the  points  of  contact  between  the  gates  when  in  their 
closed  position* 

3-09,  TUEBINE  DISCHARGE  RING.  The  discharge  ring  shall  be  of  cast 
steel,  suitably  sectionalized,  if  necessary  for  shipment,  designed  to  be 
peimanently  set  in  the  concrete  substructure,  and  heavily  ribbed  to  secure 
proper  anchorage  to  the  concrete.  It  shall  be  securely  bolted  to  the  speed 
ring  and  shall  extend  to  below  the  bottom  of  the  runner.  The  upper  face  of 
the  discharge  ring  shall  form  a  seat  to  v/hich  the  bottom  plate  shall  be 
securely  bolted.  The  lower  end  shall  be  arranged  for  convenient  and  accur- 
ate attachment  to  the  draft  tube  liner  and  shall  be  provided  with  a  flange 
to  support  the  turbine  runner  and  shaft  when  the  latter  is  disconnected  from 
the  generator  shaft.  Suitable  pads,  jacks  and  anchor  bolts  shall  be  pro- 
vided to  support  and  level  the  ring  while  being  attached  to  draft  tube  liner 
and  concreted  in  place*  Suitable  grout  holes  shall  be  tapped  in  the  upper 
face  if  necessary  and  plugs  furnished. 

The  speed  ring  and  discharge  ring  may  be  conbined  in  on  ring  if 
better  suited  to  the  contractor's  design* 

3-10*  GATES  AND  OPERATING  MECHANiaM*  The  turbine  wicket  gates  and 
gate  stems  shall  be  made  either  of  steel  castings  with  each  gate  and  its 
gate  stem  cast  in  one  piece,  or  welded  steel  secured  to  forged  steel  stems* 
At  the  top  and  bottom  of  each  gate  and  on  the  closing  edges  there  shall  be 
welded  stainless  steel,  I8-8  or  equivalent,  to  a  depth  of  3/6  inch.  Each 
gate  shall  be  accurately  machined  and  finished  and  all  gates  shall  be  inter- 
changeable. Each  gate  stem  shall  be  provided  with  three  bronze -bushed, 
grease-lubricated  guide  bearings,  one  located  in  the  bottom  or  curb  plate 
and  the  other  two  located  in  the  head  cover  or  crown  plate,  one  below  and  the 
other  above  the  stuffing  box*  Each  gate  stem  shall  also  be  provided  with 
thrust  bearing  of  corrosion  resisting  steel,  135S  chrome,  against  bronze  or 
equivalent*  Provision  shall  be  made  for  adjusting  and  maintaining  the  ad- 
justment of  the  gates  in  mid-position  between  the  bottom  and  crown  plates* 
The  gate  stems  shall  be  drilled  and  piped  for  their  entire  length  for  grease 
lubrication  of  the  lower  stem  bearings  in  the  bottom  plate.  Approved  pack- 
ing shall  be  used  in  the  stuffing  boxes  in  the  crown  pla+^e* 

All  parts  having  relative  motion  in  contact  shall  be  properly 
bushed  with  broze  bushings  and  gate  stems  and  other  mating  surfaces  in  con- 
tact ^ith  water  shall  have  13^  chrome  corrosion  resisting  steel  sleeves* 
All  surfaces  shall  be  provided  with  convenient  and  adequate  means  for  forced 
greaee  lubrica  tion* 

The  contractor  may  furnish,  as  an  alternate,  approved  non-adjust- 
able spring-retained  rawhide  leather  packing* 
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Operating  Mechanism.  The  gate  operating  mechaniaa  ahall  be  of 
ample  strength  to  withstand  maximum  load  that  can  be  imposed  on  it  by  the 
most  severe  operating  conditions.  The  designs  and  construction  shall  be 
such  that  lost  motion  and  wear  will  be  reduced  to  a  minimum  and  means  shall 
be  provided  for  adjusting  the  position  of  any  individual  gate  independently 
of  the  others,  in  order  that  each  gate  irill  make  close  contact  with  ad- 
jacent gates  in  closed  position,  and  all  gates  shall  have  equal,  insofar  as 
practicable,  simultaneous  openings.  Ample  surplus  adjustment  shall  be  avail- 
able to  compensate  for  future  wear  and  distortion. 

A  suitable  link,  shearing  pin  or  other  i)art  shall  be  provided  be- 
tween each  gate  stem  and  the  gate  shifting  ring  which  will  be  strong  enough 
to  withstand  the  maTimum  operating  forces,  but  will  break  or  yield  and  pro- 
tect the  rest  of  the  mechanism  from  injury  in  case  one  or  more  of  the  gates 
become  blocked.  The  yielding  link  shall  be  designed  to  fail  with  the  break- 
ing force  in  either  direction.  At  the  breaking  point  of  the  yielding  link  or 
shearing  pin,  the  unit  stresses  may  be  increased  to  limitations  specified  in 
paragraph  2-08, 

Stops  shall  be  provided  to  limit  the  angle  of  movement  of  the  gate 
stem  levers  in  case  of  breakage  of  the  above  specified  protective  device,  so 
that  interference  of  the  loose  gate  with  operation  of  the  other  gates  will  be 
prevented.  The  design  of  the  operating  mechanism  shall  be  such  that  the  fail- 
ure of  the  yielding  link  will  not  interfere  with  the  operation  of  the  other 
parts. 

The  entire  operating  mechanism  and  connections  for  controlling  the 
gates  shall  be  readily  accessible  for  inspection,  adjustment  and  repair. 
The  gate  shifting  ring  shall  be  of  cast  steel  and  shall  be  properly  guided 
by  renewable  bronze  guide  strips. 

The  shifting  ring  and  gate  mechanism  shall  be  so  located  that  they 
do  not  need  to  be  distrubed  to  dismantle  and  replace  the  main  guide  bearing 
shell  and  accessories. 

Provision  shall  be  made  by  the  turbine  contractor  for  the  connec- 
tion 6f  the  governor  restoring  mechanism  to  the  txirbine  shifting  ring. 

3-11.  GATE  OPERATIM}  C-g.INEERS  f  SERVO 410T0RS) .  Each  turbine  shall  be 
provided  with  two  oil-pressure  operated,  double  action,  hydraulic  cylinders 
having  a  combined  capacity  sufficient  to  supply  the  maximum  force  necessary 
to  operate  the  gates  under  all  conditions  of  head  and  load  with  a  minimum 
oil  pressure  of  250  pounds  per  square  inch.  The  maximum  operating  oil  pres- 
sure shall  be  3OO  pounds  per  square  inch,  and  the  cylinders  shall  be  tested 
in  the  shop  at  45^  pounds  pressiire. 

With  the  gate  operating  cylinders  shall  be  included  a  suitable 
mechanical  locking  device  by  which  the  turbine  gates  may  be  held  securely  in 
the  open  and  closed  position  against  maximum  governor  oil  pressure  in  the 
cylinders.  The  mechanical  locking  device  for  holding  the  gates  in  the  open 
jKJsition  shall  be  so  designed  that  the  device  can  be  locked  or  otherwise 
rendered  inoperative  while  the  turbine  is  in  service.  A  manually  adjustable 
blocking  device  shall  be  provided  to  limit  the  gate  opening  when  the  head 
is  so  high  as  to  develop  more  than  the  capacity  of  the  generator.  This 
block  shall  be  readily  adjustable  for  different  gate  openings  to  suit  dif- 
ferent heads. 

Suitable  automatic  means  shall  be  provided  to  retard  the  rate  of 
movement  of  the  gates  after  they  have  closed  beyond  speed-no-load  position 
and  just  before  they  have  completely  opened. 

The  balance  of  the  gates  shall  be  such  that  at  the  oil  pressure 
of  250  pounds  and  with  adequate  supply  of  oil  to  maintain  this  pressure 
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throughout  the  stroke,  the  servonmotors  shall  be  capable,  under  the  most 
unfavorable  operating  head  conditions,  of  moving  the  turbine  gates  through 
and  opening  or  a  closing  stroke  corresponding  to  the  established  maximum 
capacity  under  any  operating  head  conditions  in  five  (5)  eeconds.  The 
servo-motors  shall  be  so  designed  and  located  that  the  force  for  moving  the 
turbine  gates  is  approximately  equally  divided  between  the  two  cylinders 
and  applied  in  substantially  equal  magnitude  on  opposite  sides  and  tangent i- 
ally  to  the  curve  of  the  gate  shifting  ring.  Oil  under  pressure,  for  operat- 
ing the  servo-motors,  shall  be  controlled  by  the  governor  actuator. 

The  servo-motor  cylinders  shall  be  made  of  semi-steel  and  shall  be 
provided  Tith  suitable  ports  at  each  end  for  the  admission  and  discharge  of 
the  operating  oil.  The  cylinders  shall  be  accurately  bored,  provided  with 
flanges  for  the  connecting  oil  piping,  and  with  stuffing  boxes  for  prevent- 
ing leakage  of  oil  along  the  piston  rods.  The  cylinders  shall  be  mounted  on 
machined  surfaces  on  the  txirbine  casing  or  pit  liner.  The  pistons  of  the 
servo-motors  shall  be  of  cast  steel  or  cast-iron  and  shall  each  be  fitted 
with  not  less  than  three  cast-iron  piston  rings  suitably  shaped  to  give  close 
contact  and  unifonn  pressure  on  the  cylinder  walls  and  prevent  leakage  of  oil 
pa  st  the  pistons.  Suitable  drain  valves  and  piping  shall  be  furnished  to 
drain  each  end  of  each  cylinder.  Taps  shall  be  provided  on  each  end  of  each 
gate  servo-motor  for  use  in  inserting  pressure  indicators  and  to  permit  bleed- 
ing the  pressure  in  case  of  shut-down. 

The  servo-motor  cylinders  shall  be  provided  with  indicators  to  ac- 
curately indicate  the  gate  positions. 

3-12.  WEARING  RINGS.  Removable  and  renewable  wearing  rings  of  corrosion- 
resisting  steel  and  bronze  shall  be  provided  where  there  are  close  running 
clearances  between  the  runner  and  the  stationary  parts  of  the  turbine.  The 
rotating  wearing  rings  on  the  runner  shall  be  corrosion-resisting  steel  con- 
taining 11.5  to  13*5%   chromiimi,  and  at  least  equal  to  Type  405»  Allegheny  33* 
The  stationary  rings  shall  be  bronze,  of  a  quality  at  least  equal  to  that  re- 
quired by  Federal  Specification  QQ-B-691a,  Composition  #5t  or  other  suitable 
approved  materials.  The  wearing  rings  shall  be  securely  fastened  in  place  by 
approved  means.  The  radial  clearance  between  the  moving  and  stationary  rings 
shall  be  as  snail  as  possible,  consistent  with  safe  operation  and  with  the 
clearances  in  the  tiirbine  and  generator  guide  bearings.  The  arrangement  of 
the  rings  shall  permit  at  least  5/8  inch  vertical  movement  of  the  67,100  hp 
turbine  runner  and  a  vertical  movement  of  at  least  3/8  inch  of  the  9*00^  ^P 
turbine  runner.  Provision  shall  be  made  to  supply  water  to  the  spaces  between 
the  runner  and  the  stationary  rings  for  cooling  and  for  lubrication  when 
motoring  the  unit  with  the  gates  closed. 

3-13.  TURBINE  PIT  LINER.  The  turbine  shall  be  provided  with  a  heavily 
ribbed  welded-steel  plate  or  cast-iron  pit  liner  to  be  anchored  to  the  con- 
crete. It  shall  extend  to  elevation and  shall  contain  a  recess  or 

alcove  of  suitable  size  for  the  lubricating  oil  pumps.   (The  recess  shall  be 
above  elevation      .)  The  pit  liner  shall  be  made  in  sections  with  bolted 
flanged  connections  and  shall  have  a  flange  on  the  bottom  for  bolting  to 
flange  on  the  speed  ring.  Provisions  shall  be  made  for  accommodating  the 
servoHnotors  and  to  withstand  their  reactions  if  necessary. 

3-14.  DRAFT  TUBE  AND  LINER.  The  concrete  portion  of  the  draft  tube 
will  be  built  by  and  at  the  expense  of  the  Government. 

The  contractor  shall  furnish  a  plate-steel  draft  tube  liner  which 
shall  extend  from  the  bottcan  of  the  turbine  discharge  ring  to  15  feet  below 
the  bottom  of  the  runner  at  the  centerline  of  the  draft  tube.  The  plate 
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steel  liner  shall  have  welded  shop  joints  and  the  interior  of  the  lining 
shall  be  smooth  and  shall  have  no  abrupt  changes  in  direction. 

Field  joints  between  sections  of  the  steel  lining  shall  be  made 
by  riveting  with  outside  butt  straps  and  counter  sunk  rivets  on  the  inside. 
The  sections  shall  be  made  as  large  as  possible  to  reduce  the  number  of 
field  joints  to  a  minimum.  The  joint  between  the  steel  liner  and  the  tur- 
bine discharge  ring  shall  be  arranged  for  convenient  and  accurate  field 
assembly  by  method  to  be  agreed  upon  and  approved  by  the  contracting  officer. 

The  draft  tube  liner  shall  be  of  one  (1)  inch  plate  for  each  67,100 
hp  turbine  and  of  1/2  inch  plate  for  the  9,000  hp  turbine,  heavily  reinforced 
on  the  outside  by  means  of  suitable  ribs  or  structural  steel  shapes  and  shall 
be  provided  with  adequate  means  for  anchorage  to  the  surrounding  concrete  of 
the  power  house  substructure. 

One  rectangular  manhole  not  less  than  24  inches  wide  by  36  inches 
high,  with  flush  interior  surfaces  and  with  hinged  and  bolted  outward  swing- 
ing cover,  securely  fastened  to  the  plate  steel  lining,  shall  be  provided  to 
allow  access  to  the  under  side  of  the  runner  for  inspection  and  repairs. 
The  door  shall  have  bronze  hinge  pins,  bronze -bushed,  and  bronze  bolts,  and 
shall  be  provided  with  jack  screws  for  forcing  it  off  its  seat.  A  test  cock 
shall  be  provided  to  determine  if  the  water  level  in  the  draft  tube  is  below 
the  sill  of  the  door. 

Holes  for  pressure  grouting  shall  be  provided  in  the  draft  tube 
liner,  such  holes  to  be  of  proper  diameter  and  spacing  for  the  most  efficient 
job  of  grouting,  and  shall  include  holes  for  the  relief  of  air  pressure.  All 
holes  shall  be  tapped  and  provided  with  flush  plugs  for  closing. 

3-15*  CAVITATION.  The  contractor  shall  guarantee  the  runner  against 
excessive  cavitation  or  pitting  for  a  period  of  (1)  one  year  from  date  it  is 
placed  in  service,  or  not  to  exceed  three  (3)  years  after  completion  and  offer 
of  shipment.  The  contractor's  guarantee  of  the  runner  against  cavitation  or 
pitting  shall  cover  only  normal  turbine  operation  from  one-quarter  load  up  to 
the  cavitation  limit,  with  the  limitation  that  operation  at  loads  less  than 

5052  of  the  rated  capacity  shall  be  for  less  than %   of  the  time. 

Excessive  cavitation  or  pitting  of  the  runner  shall  be  defined  as 
the  removal  of  150  lbs.  or  more  of  metal  from  each  67,100  hp  turbine  runner 
and  25  lbs.  or  more  of  metal  from  the  9,000  hp  turbine  runner.  The  cavitation 
or  pitting  shall  be  uniformly  distributed  over  the  entire  surface  affected. 
Erosion  or  damage  caused  by  suspended  matter  in  the  water,  or  corrosion 
caused  by  the  chemical  composition  of  the  water,  are  not  intended  to  be 
covered  hy  the  contractor's  guarantee. 

3-l6,  DRAINS  AND  HMPS*  Adequate  drain  pips  connect  ions  and  piping  shall 
be  provided  for  removing  any  leakage  that  may  occur  within  the  turbine pit. 
Two  drainage  sumps  shedl  be  provided  in  the  bearing  support  section  of  the 
cover  plate  with  discharge  through  pipes  in  cored-out  vanes  in  the  speed  ring. 
These  sxanps  shall  each  be  provided  with  suitable  intake  screens  easily  ac- 
cessible for  inspection  and  cleaning.  One  drain  line  shall  be  drained  by 
suction  from  the  draft  tube  and  shall  be  furnished  with  a  check  valve  and  a 
gate  valve  with  extended  stem  above  the  floor  grating.  The  other  line  shall 
be  drained  by  an  ejector,  complete  with  solenoid-operated  valve,  float  and 
float  control,  on  the  pressxire  line.  The  contractor  shall  furnish  all  pipe* 
fittings,  etc.,  except  electric  wiring  for  complete  drainage* 
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3  -17.  GAGES.  RELAYS  AND  THERMCMETERS .  The  contractor  shall  furnish 
the  following  accessories  with  each  turbine: 

a.  Dial  indicator  for  the  shaft  alignment,  perman- 
ently mounted  at  the  top  of  the  bearing. 
b»  One  compound  indicating  pressure  and  vacuum 
gage  for  the  pressure  under  the  head  cover. 
£•  All  necessary  fittings  and  pipe  for  Winter- 
Kennedy,  or  equal ,  indications  on  each  tur- 
bine . 
d*  One  standard  10-otam  temperature  detector  in 
each  segment  of  the  bearing,  and  one  bearing 
temperature  relay  in  the  bearing  so  located 
as  to  indicate  the  hottest  spot  and  with 
leads  to  a  teiminal  board  to  be  located  in 
the  turbine  pit.  The  temperature  detectors 
will  be  connected  to  temperature  indicators 
to  be  furnished  by  the  GoTemment.  The  tem- 
erature  relays  shall  be  similar  and  equal  to 
the  General  Electric  Type  TB-2  which  closes  a 
pair  of  contacts  when  the  temperature  reaches 
approximately  105°  C» 
All  gages  shall  be  graduated  in  feet  of  water*  The  gage  to  show 
vacuum  or  pressure  tmder  the  head  cover  will  be  mounted  in  the  turbine  pit. 
The  gage  shall  be  designed  for  flush  moiinting,  with  flanges,  faced  to  the 
surface  of  the  pit  and  furnished  T?ith  suitable  panel.  The  manometers  and 
registers  for  turbine  flow  recording  will  be  installed  by  the  Government  in 
the  control  or  switchboard  room* 

The  contractor  shall  supply  all  piping  to  the  gages,  of  125-lb* 
standard  iron-pipe  size  copper  tubing,  with  all  necessary  125-lb*  standard 
unions  and  fittings*  Shut-off  cocks  shall  be  provided  at  all  gages  and  also 
at  all  points  whfre  the  piping  connects  to  the  main  apparatus* 

Auxiliary  Panel*  All  switches,  relays,  motor  controls  and  all 
other  electrical  equipment  for  each  unit,  not  specifically  indicated  to  be 
mounted  elsewhere,  shall  be  mounted  on  an  auxiliary  panel  to  be  furnished 
and  wired  by  the  switchboard  contractor  to  be  named  later.  Each  contractor 
shall  furnish  the  specified  equijment  for  his  contract,  all  to  match  in  ap- 
pearance, as  approved  l?y  the  contracting  officer,  to  provide  imiform  appear*- 
ance  and  operation* 

3-18*  5TAIHWAY5.  PLATFORMS  AND  LADDERS.  The  contractor  shall  furnish 
working,  operating,  and  inspection  platfonns  of  approved  grating  where  neces- 
sary in  the  ttirbine  pit*  All  turbine  pit  equipment  shall  be  easily  removable 
for  dismantling  the  turbines  from  above. 

3-19*  LUBRICATION.  A  "one  shot"  centralized  lubrication  system  shall 
be  installed  on  each  turbine,  and  shall  lubricate  all  of  the  working  parts 
of  the  turbine  except  the  main  and  intermediate  shaft  guide  bearings.  This 
covers  lubrication  of  the  gate  stem  bearings  (three  per  gate  stem),  gate 
shifting  ring,  servo-motor  connecting  rods  at  the  gate  ring  connection,  and 
gate  links* 

The  grease  shall  be  distributed  by  two  circular  brass  pipes,  one 
moxinted  on  the  gate  shifting  ring,  the  other  outside  of  the  gate  stem  circle. 
Solid  connection  shall  be  used  as  far  as  practicable.  The  grease  piping 
shall  be  carefully  installed  in  order  that  there  will  not  be  possibility  of 
any  leakage  or  breakage*  To  this  end  the  piping  system  shall  be  tested  under 
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1,000  lbs*  per  square  inch  pressure. 

The  system  shall  be  "Farval"  single  line  type  or  equal  or  approved 
by  the  contracting  officer.  The  compressor  shall  have  ample  capacity  for 
complete  greasing  three  times  a  day  for  eight  days.   Compressor  shall  be 
furnished  with  a  pressure  gage. 

3-20.  BOLT  GUARDS*  The  contractor  shall  provide  suitable  metal  covers 
or  bolt  guards  to  cover  the  bolt  heads  and  nuts  on  the  turbine  and  generator 
halves  of  the  coupling. 

3-21.  SPARE  PARTS-  The  ifollowing  spare  parts  for  each  turbine  shall  be 
furnished  by  the  contractor.  All  spare  parts  furnished  shall  be  interchange- 
able with  and  of  the  same  materials  and  workmanship  as  the  corresponding  parte 
of  the  turbine. 

1  -  Main  turbine  guide  bearing  shell  completely 

lined  with  anti-friction  metal. 
1  -  Intermediate  guide  bearing  shell,  as  above, 

(for  9,000  hp  turbine  only) 
4  -  Wicket  gates  and  stems  completely  machined. 
4  •  Gate  stem  levers. 
20  -  Breaking  links  for  gate-operating 
mechanism.  Gate  stem  bearing  bush- 
ings sufficient  for  three  stems. 
1  -  Complete  set  of  packing  and  cup 

leathers  for  all  parts  where  used. 
1  -  Complete  set  of  cup  leather  molds. 

(if  cup  leathers  are  used). 
3  -  Oil  strainer  screens. 

3-22.  WRENCHES.  TOOLS.  ETC.  The  contractor  for  each  schedule  shall 
furnish  with  each  size  turbine  a  complete  set  of  case-hardened  wrenches  and 
any  special  tools,  lifting  slings  or  other  equipoient  that  may  be  required  or 
convenient  for  the  assembling  and  dismantling  of  any  part  of  the  turbine,  in- 
cluding attaching  and  removing  the  runner  from  the  shaft.  The  bidder  shall 
sulmit  with  his  proposal  a  complete  description  and  list  of  the  special 
tools  and  equipnent  which  he  proposes  to  furnish.  There  shall  also  be  in- 
cluded all  bolts,  studs,  pressure  grease  fittings,  lubricating  devices,  pack- 
ing, gaskets,  and  all  other  appurtenances  that  may  be  required  to  make  the 
turbines  complete  units  ready  for  operation.  The  turbine  wrenches  and  speci- 
al tools  shall  be  mounted  on  a  neat  metal  board  with  each  item  numbered  or 
marked  for  ready  identification. 

3-23.  SHOP  ERECTION  AND  TESTS.  Prior  to  shipnent,  the  turbine  shall  be 
assembled  in  the  shop,  to  the  greatest  possible  extent,  and  tested  for  true- 
ness  of  gate  movement,  top  and  bottom  clearances,  accuracy  of  closure  con- 
tacts with  adjacent  gates  and  all  other  features  of  mechanical  accuracy  in 
runners,  shafts  and  casings.  Any  imperfections  shall  be  corrected  and  the 
turbine  parts  then  match-marked  (and  dowelled  when  considered  necessary  by 
the  contracting  officer)  to  insure  correct  assembly  and  alignment  in  the 
field. 

The  steel-plate  turbine  pit  and  draft  tube  liners  for  all  turbines 
and  the  scroll  case  and  penstock  for  the  9tOOO  hp  turbine  shall  be  assembled 
and  bolted  up  to  insure  that  the  plates  are  properly  rolled  and  fitted  and 
drilled  for  field  assembly  and  riveting. 
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3-24*  PAINTING*  All  exposed  unfinished  surfaces  of  the  turbines  and 
accessories  that  are  not  to  be  in  contact  with  water  shall  be  given  one  shop 
coat  of  pure  red-lead  and  linseed  oil  point  prior  to  shipment*  All  such  sur- 
faces that  will  be  in  contact  with  water  shall  be  given  a  shop  coat  of  bit- 
ximinous  paint,  similar  and  at  least  equal  to  Peilly  Tar  and  Chemical  Corp. 
bituminous  paint  No.  CA-i|0.  Where  welded  construction  is  used  for  the  plate- 
steel  turbine  pit  and  draft  tube  liners,  a  band  k   inches  wide  from  the  field 
weld  shall  be  left  unpainted  on  the  inside  of  the  plate.  All  surfaces  shall 
be  thoroughly  cleaned  before  pointing.  All  finished  surfaces  shall  be  coated 
with  a  suitable  rust -preventative  compound.  All  surfaces  which  will  be  em- 
bedded in  concrete  shall  be  cleaned  and  left  unpainted.  All  surfaces  sub- 
ject to  contact  with  lubricating  or  governor  oil  shall  be  clean  and  free  from 
rust,  but  not  painted.  All  painting  after  erection  will  be  done  by  the 
Government • 

3-25.  SERVICES  OF  ERECTING  ENGINEERS  AND  SUPERVISING  MASTER  MECBANIC. 
The  turbine  contractor  for  each  schedule  shall  furnish  one  or  more  ccanpetent 
erecting  engineers,  as  requested  by  the  contracting  officer,  to  supervise  the 
erection,  starting  and  operation  of  the  apparatus  until  the  field  tests  are 
completed;  the  turbine  contractor  shall  be  responsible  for  the  proper  erection 
of  the  apparatus.  The  Government  may  also  require  the  turbine  contractor  for 
each  schedule  to  furnish  a  supervising  master  mechanic  skilled  in  various 
trades  to  assist  the  erecting  engineers  in  the  foregoing  work.  The  erecting 
engineers  and  supervising  master  mechanic  shall  report  for  duty  at  such  time 
as  required  by  the  contracting  officer  and  shall  remain  on  duty  until  the 
completion  of  erection  and  the  satisfactory  completion  of  all  tests  or  until 
released  by  the  contracting  officer.  These  men  will  be  subject  to  call  at 
any  time  but  will  normally  not  be  required  to  work  more  than  8  hours  in  any 
one  day.  However,  in  an  emergency,  these  men  will  render  such  services  as 
are  required  of  them  for  such  longer  periods  per  day  as  are  determined  by  the 
contracting  officer  to  be  necessary  to  serve  the  best  interests  of  the  United 
States.  For  the  services  of  such  erecting  engineers  and  supervising  master 
mechanic,  the  turbine  contractor  will  be  paid  the  amounts  per  man-day,  in- 
cluding Sundays  and  national  legal  holidays,  stated  in  the  contract  for  each 
erecting  engineer  and  supervising  master  mechanic.  The  payment  shall  cover 
the  entire  period  of  time  that  the  erecting  engineers  and  supervising  master 
mechanic  are  in  the  service  of  the  Government  exclusive  of  the  time  spent 
traveling  froa  the  home  station  to  llassena.  New  York,  and  return.  The  cost 
of  transportation  of  the  erecting  engineers  and  of  the  supervising  master 
mechanic  shall  be  borne  by  the  turbine  contractor. 
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SECTION  IV. 

GOVERNOR  EQ.UIPMENr 

4-01.  Oi^iKFTTRAT..  The  governing  equipment  for  each  pair  of  67tlOO  hp 
tiirbines  hereinbefore  specified  shall  be  the  Woodward  Governor  Company's 
cabinet  actuator  type  or  equal,  arranged  in  "Twin  System".  The  actuators 
for  two  turbines  will  be  placed  in  line  within  several  feet  of  each  other, 
with  the  intervening  space  occupied  by  the  electric  control  board  for  the 
units,  and  the  assembly  located  midway  between  the  pair  of  generators.  The 
governor  and  switchboard  contractors  shall  cooperate  to  secure  uniform  ap- 
pearance for  the  entire  front  of  actuators  and  control  boards.  The  neces- 
sary pumps,  valves,  gages  and  controls  for  the  oil-pumping  system  shall  be 
mounted  together  on  a  common  sump  base  large  enough  to  hold  all  of  the  oil 
in  the  twin  system  and  enclosed  in  a  cabinet,  to  be  located  on  the  floor  at 
elevation  179.0. 

The  governing  equipment  for  the  9iOOO  hp  turbine  shall  be  a  sin- 
gle Woodward  Governor  Company  cabinet  actuator  type  or  equal. 

The  governing  equipment  for  each  turbine  shall  also  include  perma- 
nent magnet  generator,  pressure  tank,  all  piping  and  fittings,  restoring 
mechanisms  and  all  the  necessary  parts  and  accessories  required  to  make  a 
complete  unit  for  regulating  the  speed  and  controlling  the  gate  operation 
of  the  turbine  with  which  it  is  to  be  used,  except  those  parts  specifically 
exempted  herein. 

The  governing  system  for  each  size  turbine  shall  be  designed  to 
operate  at  a  maximum  working  pressure  of  3^^  lbs.  per  square  inch,  and  shall 
be  guaranteed  to  safely  withstand  450  lt)s.  per  square  inch  test  pressure. 
The  system  shall  have  adequate  capacity  to  supply  the  necessary  quantity  of 
oil  to  the  servo-motors  to  operate  the  turbine  gates  from  closed  to  full 
open  or  vice  versa  in  five  (5)  seconds  at  maximum  operating  head  with  a 
minimum  pressure  of  250  lbs.  per  square  inch. 

4-02.   ACTUATOR.  The  speed  responsive  element  of  each  actuator  shall 
be  driven  by  an  alternating  current  motor  receiving  its  power  supply  from  a 
permanent  magnet  generator  driven  by  the  turbine.  The  speed  responsive  ele- 
ment shall  be  anti-friction  typo  and  shall  be  capable  of  causing  the  actua- 
tor to  admit  oil  to  tne  servo-motors  for  a  corrective  movement  of  the  turbine 
gates  in  consequence  of  a  speed  variation  of  the  turbine  of  one-fiftieth  of 
one  per  cent  or  less  beyond  the  lap  of  the  relay  valve  as  determined  by  shop 
tests  with  pressure  gates  substituted  for  servo-motors.  The  speed  of  the  re- 
^onsive  element  shall  vary  directly  with  the  speed  of  the  main  shaft  of  the 
turbine  for  all  rates  of  acceleration  and  deceleration,  including  starting. 

The  actuator  cabinet  will  be  located  on  the  generator  floor,  eleva- 
tion 197.5.  ^^^   shall  be  totally  enclosed.   All  of  the  necessary  valves  to 
control  the  oil  for  the  actuating  mechanism  shall  be  of  the  hydraulically  op- 
erated type,  incorporated  as  an  integral  part  of  the  actuator  unit  and  shall 
be  controlled  by  a  manually  operated  pilot  valve  mounted  on  the  control  panel. 

All  mechanism  necessary  to  permit  eiutomatic  and  manual  hydraulic  control  of 
the  oil  pressure  to  the  gate  servo-motors  shall  be  included.  The  relay  valve 
for  gate  control  shall  be  of  the  oil  pilot  operated  type. 

All  electrical  control  wiring  within  the  actuator  shall  terminate 
in  suitable  terminal  blocks,  located  within  the  actuator  housing  and  readily 

accessible  by  steel  doors  in  the  housing.  They  shall  be  grouped  on  one  side 
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of  the  actuator  and  sufficient  space  shall  be  provided  bdlow  these  terminal 
blocks  and  within  the  housing  to  accommodate  all  incoming  conduit.  All  con- 
trol wiring  within  the  actuator  shall  be  color  coded  in  accordance  with  Fed- 
eral Specifications  J-C-121.   It  shall  be  neatly  and  properly  supported  and 
protected  from  abrasion  where  such  may  occur. 

The  relay  operated  oil  pilot  valve  shall  be  connected  in  such  a 
way  that  the  operation  of  the  overspeed  trip  on  the  main  shaft  will  provide 
a,  complete  shutdown  of  the  unit  after  it  has  reached  a  pre-determined  over- 
speed  in  case  of  failure  of  the  pilot  generator  or  other  controls. 

The  action  of  the  governor  in  responding  to  and  correcting  speed 
changes  shall  be  practically  dead-beat  and  the  governor  shall  operate  with- 
out racing  or  hunting.  The  governor  shall  be  capable  of  holding  the  speed 
of  the  unit  governed  as  close  as  possible  to  normal  when  operating  at  any 
constant  load  within  the  capacity  of  the  turbine,  independent  of  the  fly- 
wheel effect  of  the  power  system  to  which  the  unit  is  connected.  The  speed 
droop  from  no  load  to  full  load  shall  be  adjustable  from  zero  (0)  upward. 

The  generators  are  being  purchased  with  a  flywheel  effect  of 
114,000,000  lb.  ft. 2  for  the  67,100  hp  turbines  and  2,200,000  lb.  ft.^  for 
the  9,000  hp  turbine. 

Each  governor  shall  be  equipped  with  means  for  varying  the  rate 
of  movement  of  the  turbine  gates  for  a  range  that  may  be  found  desirable  un- 
der operating  conditions,  from  five  (5)  seconds  per  complete  stroke  upward. 

Necessary  auxiliaries  shall  be  provided  to  permit  control  from 
the  switchboard  of  the  setting  of  the  gate  limit,  and  speed  adjustment,  and 
indication  of  the  gate  position,  gate  limit,  unit  speed  and  instant  of  tur- 
bine breakaway  and  final  stopping  of  rotation.  All  switchboard  instruments 
shall  conform  in  size  and  finish  to  other  switchboard  instruments  in  accor- 
dance with  ihformation  to  be  furnished  later.  All  dials,  gages,  and  other 
instruments  or  controls  mounted  on  the  actuator  cabinet  shall  be  designed 
for  flush  mounting  with  flanges. 

The  front  of  the  actuator  shall  form  a  panel,  on  which  the  con- 
trols and  instruments  shall  be  mounted  in  a  harmonious  and  workmanlike  man- 
ner. The  contractor  shall  furnish  the  following  controls  and  instruments 
and  where  so  specified  diall  install  them  on  the  actuator: 

a.  A  load  limit  device  which  can  be  operated  manually  at  the 
actuator  and  also  electrically  operated  by  remote  control  from  the  switch- 
board with  visual  indication  of  the  gite  limit  setting  and  gate  position  at 
both  places. 

b_.  A  device  for  controlling  the  amount  of  speed  droop,  which 
can  be  operated  manually  at  the  actuator  with  accurate  control  and  visual 
indication  of  the  exact  settings. 

£.  A  device  for  controlling  the  speed  of  the  turbine  which  can 
be  operated  manually  at  the  actuator  and  also  electrically  operated  direct 
from  the  switchboard.  The  speed  control  from  either  position  shall  be  suit- 
able for  synchronizing  under  the  full  range  of  operating  conditions.  A  125 
volt  D.C.  motor  with  limit  switches  for  use  in  conjunction  with  automatic 
frequency  control  equipment  shall  be  connected  to  the  speed  control  through 
a  suitable  magnetic  or  friction  clutch* 

d.  Devices  for  automatically  closing  the  turbine  gates  com- 
pletely, or  for  closing  to  speed-no-load  position  upon  operation  of  any  pro- 
tective devices  which  may  be  provided  by  others  such  as  generator  or  switch- 
board contractors. 

2.'   Two  electrically  operated  speed  indicators,  capable  of 
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indication  of  instant  of  turbine  break-away  and  final  stopping  of  rotation, 
one  mounted  on  the  actuator  cabinet,  and  one  to  be  mounted  by  the  Govern- 
ment on  the  switchboard.   A  suitable  magneto- type  generator  for  use  in  con- 
nection with  these  speed  indicators  shall  be  furnished  by  the  contractor  and 
shall  be  incorporated  in  the  permanent  magnet  generator  housing* 

£^   Control  of  the  turbine  gates  by  means  of  oil  pressure  from 
the  governor  oil-pressure  system  by  hydraulic  hand  valve  for  emergercies. 
The  transfer  from  actuator  to  hand  control  and  vice  versa,  shall  be  as  con- 
venient as  possible. 

£.  Pressure  gage  for  indicating,  at  the  actuator,  the  air 
pressure  in  the  air  receiver* 

h.  A  combination  electrical  gage  to  indicate  the  oil  level 
and  pressure  in  the  governor  oil  pressure  tank,  to  be  installed  on  the  ac- 
tuator, with  push  button  transfer  switch. 

i_.  An  automatic  and  manually  operated  generator  air  brake 
valve  mechanism,  including  the  following  features:  Electrical  and  mechanical 
interlocks  to  prevent  application  of  the  brakes  until  the  gates  are  complete- 
ly closed  and  the  generator  breaker  is  open;  equipment  for  intermittent  appli- 
cation of  the  brake  shoes. 

j_.  Five  auxiliary  switches  shall  be  provided.  These  switches 
shall  be  adjustable  for  either  circuit  closing  or  circuit  opening  and  for  any 
position  of  tt.e  wicket  gates,  and  shall  be  connected  to  terminals  in  the  ac- 
tuator cabinet. 

k.  Two  governor  oil  pressure  failure  relays, 

4-CI3.  PEra^ANENT  MAGNET  GENERATOR.  The  governor  contractor  shall  pro- 
vide a  permanent  magnet  generator,  to  be  mounted  on  top  of  the  pilot  exciter 
by  the  generator  contractor. 

An  electric  tachometer  magneto  and  over-speed  switch  shall  be  in- 
corporated as  a  part  of  and  completely  enclosed  in  the  housing  of  the  perma- 
nent magnet  generator  and  driven  from  its  shaft. 

4-04.   PUMPHTG  UNITS. 

(a)  67.^00  hp  Turbines.  The  pumping  unit  for  the  governor  of  each 
67»100  hp  turbine  shall  consist  of  two  motor-driven  rotary  gear  or  screw  pumps, 
the  main  pump  to  be  50  hp  capacity  and  the  small  pump  of  20  hp  capacity,  with 
the  pumps  for  two  governing  units  mounted  on  a  common  sump  tank  base,  assem- 
bled together  with  their  operating  controls  in  a  single  cabinet.  The  operating 
sequence  shall  be  such  that  either  one  or  both  of  the  small  pumps  will  handle 
the  necessary  oil  over  periods  of  minor  regulating  demand  fox  the  two  actuators, 
and  one  large  pump  will  automatically  start  whenever  the  capacity  of  the  small 
pumps  (or  single  small  pump,  when  one  is  non-operative)  is  exceeded.  The 
second  large  pump  shall  then  automatically  start  when  the  oil  pressure  falls 
to  some  predetermined  point  below  that  at  which  the  firs  t  large  pump  is  set 
to  start. 

Provision  shall  be  made  for  ihter-changing  the  starting  periods 
of  the  two  small  pumps  and  also  the  starting  periods  of  the  two  large  pumps. 

Provision  shall,  furthermore,  be  made  for  parallel  operation  of 
the  governors,  and  for  interconnection  so  that  either  or  both  of  the  pumps 
for  one  unit  may  operate  with  either  or  both  pressure  tanks. 

Each  pun^  shall  be  direct-connected  to  a  550  volt,  3  phase,  60 
cycle  motor  with  flexible  coupling  and  shall  be  furnished  with  pilot  valve, 
unloading  valve,  pressure  safety  valve,  pressure  pilot  switch  actuating  the 
starting  equipment  and  so  designed  and  connected  as  to  cause  the  pump  motor 
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to  be  started  and  stopped  without  load* 

The  automatic  starting  equipment  shall  include  relays  and  contact- 
ors for  starting  low  voltage  release  and  over-load  protection.  The  equipment 
for  each  pair  of  governors  shall  be  enclosed  in  a  drip-proof  steel  cabinet. 
The  cabinets  will  be  mounted  apart  from  other  apparatus. 

(b)  9,000HF  Turbine.  The  pumping  unit  shall  consist  of  one  motor- 
driven  rotary  ^ear  or  screw  pump  large  enough  to  handle  the  system,  with  di- 
rect-connected motor,  and  all  other  details  similar  to  those  specified  here- 
in for  the  pumps  for  the  67*100   hp  turbine. 

4-05.   PHESSmS  ATJD  SUMP  TANKS. 

(a)  67»lQ0  HP  Turbines.  THe  pressure  tanks,  sump  tanks  and  puii5)s 
shall  be  located  on  the  floor  at  elevation  179 -O*  The  pressure  tank  for  each 
governor  shall  have  a  capacity  of  twenty  (20)  times  the  servo-motor  volume 

of  its  unit  and  shall  contain  five  volumes  of  oil  and  fifteen  volumes  of  air 
at  maximum  working  pressure.  The  pressure  tanks  for  each  pair  of  governors 
shall  be  interconnected.  Each  pressure  tank  shall  be  equipped  with  sight  ga- 
ges to  indicate  the  oil  level  in  the  tank.  The  gage  glasses  shall  be  protect- 
ed from  accidental  breakage  by  suitable  guards,  and  shall  be  provided  with  both 
hand  shut-off  valves  and  automatic  means  for  shutting  off  air  or  oil  discharge 
in  the  event  of  breakage  of  the  gage  glass.  All  connections  to  the  pressure 
tank  except  the  pressure  air  inlet,  the  air  blow-off,  and  the  upper  gage  glass 
connections  shall  be  made  below  the  low  oil  level.  Provision  shall  be  made  so 
that  the  oil  level  cannot  fall  so  low  as  to  admit  air  from  the  upper  part  of 
the  tank  into  the  oil  piping  system. 

The  sump  tank  for  each  governor  shall  have  sufficient  capacity  to 
hold  the  total  quantity  of  oil  in  the  entire  governor  system  and  such  addi- 
tional capacity  as  will  insure  adequate  and  easy  separation  of  entrapped  air 
from  oil  without  undue  disturbance.  The  sump  tanks  of  two  governors  shall  be 
built  together  as  hereinbefore  specified;  a  valve  shall  be  provided,  for  man- 
ual operation  inside  the  cabinet  to  permit  isolation  of  either  sump  tank  from 
the  tank  of  the  adjacent  unit, 

E^ch  sump  tank  shall  be  provided  with  an  easily  removable  strainer 
through  which  all  oil  returned  from  the  servo-motors  shall  pass.   Each  sump 
tank  shall  also  be  provided  with  sight  gages  for  indicating  the  (juantity  of 
oil  in  the  tank  and  also  shall  have  suitable  connections  for  em  oil  purifier 
and  a  drain  connection  for  draining  the  tank. 

(b)  9tOOO  hp  Turbine.  The  pressure  and  sump  tanks  for  the  governor 
of  the  9.000  hp  turbine  shall  be  of  similar  details  for  such  equipment  for 
an  individual  67. 100  hp  tui-bine,  as  hereinbefore  specified, 

4-06.  PIPING.  The  contractor  shall  furnish  all  necessary  oil  piping, 
fittings  and  valves  for  the  governing  system.  The  piping  shall  be  seamless 
steel  tubing,  iron  pipe  size,  and  all  pressure  piping  larger  than  2-1/2" 
diameter  shall  be  provided  with  extra  heavy  steel  Van  Stone,  or  equal,  flanges, 
except  the  low  pressure  piping  which  may  be  provided  with  standard  cast-iron 
flanges.  Wheneter  feasible  to  do  so,  long  radius  pipe  bends  shall  be  used  in 
lieu  of  pipe  fittings.  The  entire  piping  system  shall  be  welded  insofar  as 
practicable  leaving  only  such  flanged  connections  as  may  be  necessary  for  ship- 
ment and  erection  or  possible  subsequent  dismantling  for  repair.  The  piping 
shall  be  cut  to  length  and  fitted  with  flanges  and  thoroughly  cleaned  before 
shipment.  All  valves  shall  be  of  the  rising  stem,  steel  body,  bronae  mounted 
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type,  except  those  valves  built  in  and  forming  an  inte'^ral  part  of  the  gov- 
ernor or  pumping  unit.   All  necessary  bolts,  nuts,  wasi  -s,  gaskets,  packingf  etc. 
required  in  field  assembly  of  the  piping  shall  be  fur     d. 

4-07.  RESTORING  C0NN3CTIQNS.  The  restoring  connections  between  the 
actuators  and  servo-motors  may  be  either  of  stiff  rods  and  bell  cranks  or  of 
the  flexible  type.   If  the  latter  type,  the  flexible  connections  shall  be 
mounted  on  antifriction  sheaves  and  the  sheave  housings  connected  by  means  of 
seamless  steel  tubing.   Aft6r  the  restoring  connections  have  been  assembled 
permanently  in  the  field,  the  connection  will  be  filled  with  grease  or  heavy 
oil  to  make  the  entire  connection  self -lubricating. 

4-08.   .TRENCHES.  TOOLS.  ETC.  The  contractor  shall  provide  a  complete  set 
of  any  special  tools,  which  may  be  necessary  or  convenient  for  assembling 
and  dismantling  the  governor.   The  tools  shall  be  mounted  on  a  neat  hardwood 
board  with  each  item  marked  for  ready  identification. 

4-09.   ■'^HnP  mFirTTDM  /vMn  tf^<?t.<;  Each  governor  and  auxiliary  equipment 
shall  be  completely  assembled  in  the  shop  and  tested  insofar  as  practicable. 
Parts  subject  to  oil  pressure  shallt  when  practicable,  be  tested  in  the 
shop  to  fifty  percent  above  the  raaxigium  working  oil  pressure.   Various  parts 
will  be  properly  match-marked  and  dowelled  to  insure  correct  assembly  and 
alignment  in  the  field.   The  entire  system  subject  to  governor  oil  pressure 
will  be  tested  after  erection  under  a  pressure  fifty  percent  above  the 
maximum  Avorking  oil  pressure.   The  field  testing  will  be  done  by  the  Government. 

4-10.   PAINTING.  The  interior  and  exterior  surfaces  of  the  pressure 
tank  shall  be  sand-blasted  and  coated  with  enamel  or  other  suitable  coating 
to  prevent  deterioration  of  the  metal  and  assure  against  air  leaks. 

The  actuator  cabinet  and  the  cabinet  enclosing  the  pamp  starting 
equipnent  shall  be  completely  painted  by  the  contractor  in  the  shop-   They 
shall  be  thoroughly  cleaned,  and  given  one  primer  coat,  an  application  of 
machine  filler  to  fill  or  patch  all  holes,  pits  and  defects,  a  sealer  coat 
of  rust  inhibitive  paint,  (being  sanded  and  rubbed  smooth  after  the  filler 
and  seal  coats),  and  then  finished  with  two  coats  of  oil-proof  machine  enamel 
of  color  as  directed. 

All  other  exposed  unfinished  surfaces  of  the  governor  equipment 
furnished  under  these  specifications  shall  be  given  one  shop  coat  of  pure  red 
lead  and  linseed  oil  paint  prior  to  shipment.  All  finished  survaces  shall  be 
coated  with  a  suitable  rust-preventative  compound.   All  surfaces  which  will  be 
embedded  in  concrete  shall  be  cleaned  and  left  unpainted.   Surfaces  subject  to 
contact  with  governor  oil  shall  be  thoroughly  cleaned  but  not  painted  except  as 
specified  for  the  pressure  tank.  All  painting  after  erection  will  be  done  by 
others. 

4-11.   SUPPLY  OF  OIL.  "The  contractor  shall  furnish  an  inltal  supply  of 
oil  for  the  entire  governing  system,  to  be  one  of  the  following  oils,  or  other 
equal  and  approved: 

Texas  Company  -  Alcaid 

Gulf  Refining  Co.       -  Paramount  "A" 

Pure  Oil  Company       -  Puritan  Turbine  Oil 

(Heavy  Medium) 
Standard  Oil  of  Indiana  -  Non-Pareil  Turbine  Oil 
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4-12.  SERVICES  OF  ERECTING  ENGINEER.  The  governor  contractor  shall 
furnish  a  competent  erecting  engineer  to  supervise  the  erection,  starting 
and  operation  of  the  apparatus  until  the  field  tests  are  completed;  and 
the  governor  contractor  shall,  be  responsible  for  the  proper  erection  (t>f 
the  apparatus.  The  erecting  engineer  shall  report  for  duty  at  such  time 
as  required  by  the  contracting  officer  and  shall  remain  on  duty  until  the 
completion  of  erection  and  the  satisfactory  completion  of  all  tests  or  until 
released  by  the  contracting  officer.  He  will  be  subject  to  call  at  any  time 
but  will  normally  not  be  required  to  work  more  than  8  hours  in  any  one  day. 
However,  in  an  emergency,  he  will  render  such  services  as  are  required  of 
him  for  such  longer  periods  per  day  as  are  determined  by  the  contracting 
officer  to  be  necessary  to  serve  the  best  interests  of  the  United  States, 
For  the  services  of  such  erecting  engineer,  the  governor  contractor  will  be 
paid  the  amount  per  man-day,  including  Sundays  and  national  legal  holidays, 
stated  in  the  contract  for  erecting  engineer  for  governors.  The  payment 
shaiLl  cover  the  entire  period  of  time  fcjiat  the  erecting  engineer  is  in  the 
service  of  the  Government  exclusive  of  the  time  spent  traveling  from  the  home 
station  to  Jfcssena,  New  York,  and  return.  The  cost  of  transportation  of  the 
erecting  engineer  s^ll  be  borne  by  the  governor  contractor. 

4-13.  ACCEPTANCE  TESTS.  After  installation  and  beginning  of  operating 
the  governing  equipment  will  be  tested  to  determine  whether  the  requirements 
herein  specified  are  met  in  actual  service* 

4-14.  ARTICLES  TO  BE  FURNISHED  BY  OTHERS.  The  Government  will  furnish 
the  following:. 

a.  Air  con5)ressor  for  supplying  air  to  the  pressure  tanks* 
^.  Oil  storage  tanks,  oil  filtering  system  and  all  piping  and 

fittings  incident  thereto. 
£.  Air  lines  from  compressor  to  pressure  tanks, 
d^.  Air  lines  from  actuators  to  generator  air  brake  cylinders* 
e,*  All  external  wiring  and  conduits* 
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Invitation  No. 


STANDARD  GOVEFNMENT  FOM  OF  BID 
(Construction  Contract) 

(Place) 


(Date) 


To:   The  District  Engineer 

St.  Lawrence  River  District 
U.  S.  Engineer  Office 
Massena,  New  York 

In  compliance  with  your  invitation  for  bids  dated 


and  subject  to  all  the  conditions  thereof,  the  undersigned 


a  corporation  organized  and  existing  under  the  laws  of  the  State  of 

^ ^hereby  proposes  to  furnish 

all  plant,  labor  aad  materials,  and  perform  all  work  specified  in  the 
following  schedules,  in  strict  accordance  with  the  specifications, 
schedxiles  and  drawings,  for  the  consideration  of  the  following  prices: 

SCHEDULE  A,  -  B  and  -  C 
67,100  HP  TURBINES  AJD  GOVERNORS 

The  contractor  shall  furnish  all  labor,  materials, pi ant  and 
equipment  to  perform  all  the  work  necessary  to  complete  the  manufac- 
ture of  six  (6)  67,100  hp  Francis  type  turbines  and  governors  and  de- 
livery f.o.b.  railroad  cars  at  specified  factory  shipping  point  or 
points,  in  accordance  with  the  attached  specifications  for  the  con- 
sideration of  unit  prices  as  follows: 


Item 

No.            Unit 

Description 

Unit 

Price 

Quantity 

Amount 

1       Lump  Sum 

67,100  hp  turbines 
and  governors 

6 

$_ 

2       1  Model   Test 

Additional  model 
tests 

$ 

2 

$_ 

3      Man  Day 

Erecting  Engineer 

$ 

1,000 

$_ 

k      Man  Day 

Supervising  mas- 
ter mechanic 

$ 

1,000 

$_ 

$_ 
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Amount 


Amount  to  be  deducted  from 
bid  price  if  boring  apparatus 
and  tools  will  not  be 
required  to  be  furnished. 


The  bidder  shall  fill  in  all  blank  spaces. 

The  bidder  may  qualify  his  bids  on  all  schedules  as  follows; 

If  bid  on  this  schedule  is  accepted, 

bid  on  schedules 

cannot  be  accepted. 

SCHEDULE  D 

9,000  HP  TUFBINE  AND  GOVEMOR 

The  contractor  shall  furnish  all  labor,  materials, pi ant  and 
equipment  to  perform  all  the  work  necessary  to  complete  the  manu- 
facture of  one  (1)  9»000  hp  Francis  type  turbine  and  governor  and 
delivery  f.o.b,  railroad  cars  at  specified  factory  shipping  point 
or  points,  in  accordance  with  the  attached  specifications  for  the 
consideration  of  unit  prices  as  follows: 


Item 

No .    Uni  t 

Description 

Unit  Price 

Quantity 

Amount 

1   Lump  Sum 

9,000  hp  turbine 
and  governor 

$ 

1 

$ 

2  1  Model 
Test 

Additional  model 
tests 

$ 

2 

$ 

3   Man  Day 

Erecting  engineer 

$ 

80 

$ 

k      Man  Day 

Supervis  ing  master 
mechanic 

$ 

80 

$ 

$ 

The  bidder  shall  fill  in  all  blank  spaces. 

The  bidder  may  qualify  his  bids  on  all  schedules  as  follows! 
If  bid  on  this  schedule  is  accepted,  bid  on 

schedules cannot  be 

accepted. 
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Note:  Pill   sunounts  and  totals  given  above  will 
be  subject  to  verification  by  the  United 
States.   In  case  of  variation  between 
unit  bid  prices  and  amounts  and  totals 
stated  by  bidder,  the  unit  prices  will 
be  considered  to  be  his  bid.         # 

Each  bidder  shall  submit  with  his  bid  the  following  data: 

67.100  hp    9,000  hp 
Turbine      Turbine 

Expected  performance  curves 

from  half  to  full  load,  at 

net  heads  of  73.  77.  81    73.  81  and 


and  85  ft.    85  ft. 


EXPERIENCE  DKTK 
(See  Invitation  for  Bids) 


It  is  hereby  warranted  that  in  the  event  award  is  made  to  the  under- 
signed there  will  be  used  in  the  performance  of  the  work:  covered  by  the  contract 

only  such  unmanufactured  articles,  materials  and  supplies  as  have  been  mined 
or  produced  in  the  United  States,  and  only  such  manufactured  articles,  materials 
and  supplies  as  have  been  manufactured  in  the  United  States  all  from  articles, 
materials,  or  supplies  mined,  produced  or  manufactured,  as  the  case  may  be,  in 
the  United  States  except  as  noted  below  or  otherwise  indicated  in  this  bid  or 
authorized  in  the  specifications. 

The  undersigned  agrees,  upon  receipt  of  written  notice  of  the  acceptance 
of  this  bid  within  60  days  after  the  date  of  opening  of  the  bids,  to  execute 
the  standard  form  of  Government  contract  (revised  September  I6,  1935.)  in 
accordance  with  the  bid  as  accepted,  and  give  performance  and  payment  bonds 
with  good  and  sufficient  surety  or  sureties  for  the  faithful  performance  of 
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the  contract,  and  for  the  protection  of  all  persons  supplying  labor  and 
materials  in  the  prosecution  of  the  work,  within  10  days  after  the  prescribed 
forms  are  presented  for  signature. 

Performance  will  begin  within  10  calendar  days  after  the  receipt  of 
the  notice  to  proceed  and  v/ill  be  completed  as  specified  in  paragraph  I-06 
of  the  specifications. 

The  data  sheets  attached  hereto  will  be  made  a  part  of  the  contract. 
All  blank  spaces  will  be  filled  in  by  the  contractor,  and  no  changes  in  the 
sheet  as  filled  in  will  be  allowed  after  award  of  contract  except  upon 
specific  written  orders  of  the  contracting  officer.   One  manufacturer^  only 
will  be  specified  for  each  item. 


(Witness  to  Signature)  (Full  Name  of  Bidder) 


(Corporate  Seal) 


(Business  Address) 


Note:   Read  Standard  Government  Instructions  to  Bidders  before  Preparing 
this  bid. 


1 
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DATA  SHEET 
SCHEDULE  A.  -B  and  C 

The  following  data  applicable  to  Equipment  ms   quoted  in 

Schedxae  MUST  BE  FILLED  IN  BY  BIDDERj 

Hydraulic  thrust  at  90  ft.  heed  

Runaway  speed  at  90  ft*  head  

Weight  of  heaviest  part  


Weight  of  heaviest  embedded  piece  to 
be  handled  in  substructure  construction 

Weight  of  rotating  parts 

Weight  of  complete  assembly  of  turbine 
shaft,  runner,  bearing  and  head  cover- 
for  crane  lif* 

Total  Weight 

Diameter  of  shaft  (min.) 

Diameter  of  bearing 

Length  of  bearing  ' 

Diameter  of  runner 

Diameter  of  pit  liner 

Diameter  of  speed  ring 

Diameter  at  top  of  draft  tube 

Centerline  of  distributor  to  bottom  of 
runner 

Governor  capacity,  required 

Factory  shipping  point 

Giiaranteed  Maximum  shipping  weight 


_lbs. 
rpm 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


ft. lbs. 


lbs. 


(Bidder) 
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DATA  SHEET 
SCHEDULE  D 

Ibe  following  data  applicable   to  equipment  as  quoted  in 
schedule  D     MUST  BE  FILLED  IN  BY  BIDDER: 

Hydralic   thrust  at  90- ft.   head  lbs. 

Runaway  speed  at  90  ft.  head  rpm 

Wei^t  of  heaviest  part  ^Ibs. 

Weight  of  heaviest  embedded  piece  to  be 

handled  in  substructure  construction  ^Ibs. 

Weight  of  rotating  parts  ^Ibs, 

Total  Weight  ^Ibs. 

Diameter  of  shaft  (min.)  

Diameter  of  bearing  

Length  of  bearing  

Diameter  of  runner  

Diameter  of  pit  liner  

Diameter  of  speed  ring  

Diameter  of  scroll   case  at 

transverse   center  line  


Inlet  diameter  of  scroll   case 

Center  line  of  distributor  to 
bottom  of  runner 


(Bidder) 


Governor  capacity,  required  ; ft. lbs. 

Factory  shipping  point  

Guaranteed  maximum  shipping  weight  lbs. 
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SPECIFICATIONS  FOR  GENERATORS 

SECTION  I-GENERAL  PROVISIONS 

1-01.  LOCATION.  The  BSrnhart  Island  power  house  is  located  at  the  lower 
end  of  the  International  Rapids  Section  of  the  St.  Lawrence  River,  about 
eight  miles  morth  of  the  village  of  Massena,  New  York  and  four  miles  west 
of  Cornwall,  Canada.  The  site  may  be  reached  by  U.  S.  Highways  on  the  U.S. 
side  of  the  St.  Lawi'ence  River  and  by  Highway  No.  2  on  the  Canadian  side. 

1-02.  WORK  TO  BE  DONE.  The  work  provided  for  under  these  specifications 
is  authorized  by  ^Act,  approved  

.  1941. 

The  work  consists  of  furnishing  all  plant,  superintendence,  technical 
services,  labor  and  materials,  except  as  hereinafter  specified,  and  performing 
all  work  required  for  the  design,  manufacture,  furnishing  and  erecting  the  new 
generators  and  voltage  regulating  equipment,  complete  with  accessories, 
for  the  Barnhart  Island  power  house,  all  in  accordance  with  the  detailed 
requirements  of  these  specifications  and  the  following  schedules; 

Schedule  A  -  Six  (6)  55*000  KVA  generators 

schedule  B  -  Six  (6)  55*000  KYA  generators 

schedule  C  -  Six  (6)  55*000  K7A  generators 

schedule  D  -  One  (1)  7,500  KVA  generator. 

I-03.  SETIFMENT.  Material  and  machinery  shall  be  furnished  and 
delivered  f .o.b.  railroad  cars  factory  shipping  point  and  will  be  shipped 
on  Government  bills  of  lading  furnished  by  the  contracting  officer.  The 
contractor  shall  prepare  all  materials  and  articles  for  shipment  in  such 
manner  as  to  protect  them  from  damage  in  transit,  and  shall  be  responsible 
for  and  make  good  any  and  all  damage  due  to  improper  preparation  or  loading 
for  shipment.  Where  necessary,  heavy  parts  or  machines  shall  be  mounted  on 
skids  or  crated,  and  any  articles  or  materials  that  might  otherwise  be  lost 
shall  be  boxed  or  wdred  in  bundles  and  plainly  marked  for  identification. 
All  material  shall  be  so  loaded  that  it  will  not  shift  or  become  damaged 
during  hauling.  All  parts  exceeding  200  pounds  gross  weight  shall  be 
prepared  for  shipment  so  that  slings  for  handling  by  crane  from  the  car 
in  the  power  house  may  be  readily  attached  while  the  parts  are  on  the 
car.  Boxed  parts,  where  it  is  unsafe  to  attach  slings  to  the  box,  shall 
be  packed  with  slings  attached  to  the  part,  the  slings  to  project  through 
the  box  or  crates  so  that  attachment  to  the  hoisting  equipment  can  be 
readily  made. 

As  soon  as  each  shipment  is  made,  the  contractor  shall  furnish 
shipping  notices  on  ^ich  shall  be  shown,  in  addition  to  the  usual  data, 
a  description  of  the  article  furnished  and  the  item  number  of  the  contract 
schedule  to  which  the  article  applies;  also  the  shipping  weight  of  each 
item.  The  total  shipping  weight  shown  on  the  shipping  notice  shall 
correspond  to  the  total  weight  shown  on  the  bill  of  lading. 

It  is  understood  and  agreed  that,  if  the  actual  shipping  weight 
as  later. determined  by  the  freight  bills,  exceeds  the  shipping  weight 
stated  by  the  bidder  in  his  bid,  the  Government  will  deduct  from  any 
payment  due  the  contractor  the  cost  of  transportation  from  the  shipping 
point  to  Massena,  New  York,  on  such  excess  weight.  Excess  weight  shall 
be  defined  as  that  in  excess  of  the  estimated  weight  given  by  the  bidder 
in  his  bid.  Where  shipments  are  in  fact  made  from  points  other  than 
those  stipulated  in  the  contract  or,  at  the  option  of  the  contracting 
officer,  where  excess  weight  is  involved,  an  amount  sufficient 
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to  cover  any  excess  in  freight  costs  to  the  Government  will  be  withheld 
from  final  payment  and  vouchered  to  the  General  Accounting  Office  for 
direct  settlement. 

The  Government  will  be  responsible  for  placing  the  cars  containing 
this  equipnent  and  material  within  the  power  house  where  they  can  be 
reached  with  the  power  house  cranes.  This  contractor  shall  unload, 
store,  unpack  and  erect  the  generators,  their  exciters,  housing  and  air 
coolers,  complete,  ready  for  connection  of  external  electrical  connections 
and  piping,  and  shall  conduct  all  specified  tests.  For  these  tests  the 
Government  will  furnish,  free  of  charge,  the  required  circuit  breakers 
and  any  other  equipment  which  may  be  available  and  suitable  for  use 
during  the  tests,  but  this  contractor  shall  furnish  all  other  instruments, 
transformers,  temporary  wiring,  etc.  required  for  this  purpose. 

1-04.  DRAWINGS .  The  following  drawings,  showing  the  general  location 
arrangement  and  dimensions  of  the  power  plant,  accompany  and  form  a  part 
of  these  specifications.  A  complete  set  of  drawings  of  the  power  house 
is  filed  in  the  United  States  Engineer  Office,  St.  Lawrence  River  District, 
Massena,  New  york,  where  they  may  be  inspected  by  interested  parties: 
TITLE  FILE  MARK 


Transverse  Section 
Through  Main  Unit 

Transverse  Section 
Through  House  Unit 

Plan  at  El.  197.5 
Blocks  36  &■  C 
U.  S.  Power  House 


proposed  Generator  Housing 


48c  11 
48CI5 

48C56 
48E7 


1-05.   DRAWINGS  AND  DATA  TO  BE  FURNISHED  BY  THE  CONTRACTOR .  The 
contractor  shall,  within  60  calendar  days  after  notice  to  proceed  with 
the  work,  submit  for  the  approval  of  the  contracting  officer,  assembly 
and  detailed  drawings  and  data,  of  parts  affecting  the  machine  foundations 
and  power  house  structure.  This  shall  include,  but  shall  not  be  restricted 
to,  the  location  and  size  of  all  wires,  pipes,  terminal  blocks,  etc.  to 
which  external  connections  are  to  be  made  by  others;  location  and  size  of 
all  anchor  bolts  and  sole  plates,  and  all  loads  including  those  due  to 
short  circuit  stresses,  on  each  sole  plate;  overall  dimensions  of  rotor, 
shaft,  stator  with  lifting  devices  and  of  assembled  unit,  to  permit  crane 
clearance  studies  and  matching  of  station  platform  with  top  and  side  cover 
plates;  and  any  similar  data  or  drawings  required  by  the  Division  Engineer 
to  complete  the  power  house  details  so  far  as  the  same  are  affected  by 
the  generator  parts. 

The  contractor  shall  submit  for  approval  sectional  drawings  of  the 
complete  generator,  including  a  vertical  section  through  the  unit,  a 
horizontal  plan  of  the  top  of  the  unit  and  of  the  bearing  bracket  and 
such  additional  assembly  and  sub-assembly  and  detailed  drawings  as  are 
required  to  fully  demonstrate  that  all  parts  of  the  appratus  to  be 
furnished  will  conform  with  provisions  and  intent  of  the  specifications. 

To  facilitate  approval  of  drawings,  two  prints  with  the  original 

carrying  letter  and  a  copy  thereof  shall  be  submitted  to  the  contracting 

officer,  and  two  prints  with  a  copy  of  the  carrying  letter  shall  be 
forwarded  to 
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(Details  of  routing  of  prints  of  shop  drawings 
to  be  inserted  by  U.  S.  Engineer  Office) 

Decision  on  these  drawings,  either  approval  or  disapproval,  will 
be  given  by  the  contracting  officer  by  letter  or  telegram  within  fifteen 
calendar  days  after  receipt  of  drawings  by  the  contracting  officer.   In 
the  event  that  action  on  drawings  is  not  taken  within  fifteen  calendar 
days,  the  time  for  completion  of  the  contract  will  be  extended  as  provided 
in  paragraph  I-06.  The  same  number  of  copies  shall  be  re-submitted  in 
the  same  way  for  approval  for  any  drawing  returned  by  the  contracting 
officer  for  correction. 

After  final  approval  of  any  drawing,  six  additional  prints  of  that 
drawing  shall  be  forwarded  to  the  contracting  officer. 

All  drawings  submitted  for  approval,  except  the  contractor's  standard 
drawings  or  detail  sheets,  shall  be  on  sheets  of  the  standard  dimensions 
of  the  United  States  Engineer  Department  (2?"  x  42"  overall  with  2"  trim 
marginon  the  left  side  and  1/2"  trim  margin  on  other  sides.)  Each  shall 
be  provided  with  a  blank  white  space,  approximately  3  ^7  4  inches,  near 
the  lower  right  corner  specifically  indicated  to  be  used  for  notations 
by  the  contracting  officer.  All  of  these  drawings  will  form  a  part  of  the 
contract.  All  of  the  applicable  requirements  of  this  paragraph  it 
reference  to  drawings  to  be  prepared  by  the  contractor  shall  apply  equally 
to  catalog  cuts,  illustrations,  printed  specifications  or  other  data 
submitted  for  approval,  except  that  where  specifically  indicated  in  the 
detailed  specifications  that  a  smaller  number  than  twelve  (total)  will 
meet  the  requirements  of  the  Government,  such  lesser  number  may  be  furnished. 

Any  construction  work  done  prior  to  the  approval  of  drawings  will 
be  at  the  contractor's  risk.  The  contracting  officer  shall  have  the  right 
to  require  the  contractor  to  make  any  changes  in  the  designs  which  in  his 
opinion  are  necessary  to  make  the  apparatus  conform  to  the  provisions  and 
intent  of  these  specifications,  without  additional  cost  to  the  Government. 
Approval  by  the  contracting  officer  of  the  contractor's  drawings  shall  not 
be  held  to  relieve  the  contractor  of  any  part  of  the  contractor's 
obligation  to  meet  all  of  the  requirements  of  these  specifications  or  of 
the  responsibility  for  the  correctness  of  th»  contractor's  drawings. 
Upon  completion  of  the  work  under  this  contract,  the  contractor  shall 
furnish  a  complete  set  of  process  tracings  together  with  two  complete  seta 
of  blueprints  of  all  drawings,  as  finally  approved,  and  four  copies  of 
operating  instructions  and  parts  catalogs.  These  tracings  and  drawings 
shall  show  all  changes  and  revisions  made  up  to  the  time  that  the  apparitua 
is  completed  and  accepted. 

parts  catalogs  and  operating  instructions,  especially  prepared  covering 
all  equipment  furnished  under  this  contract,  which  may  be  needed  or  useful 
in  operation,  maintenance,  repairs,  disassembly  or  re-assembly,  and  for 
repair  and  identification  of  parts  for  ordering  replacements, s  hall  be 
assembled  under  a  suitable  co:nmon  cover. 

The  contractor  shall  also  furnish  the  following  computed  data,  in 
quadruplicate,  regarding  the  electrical  characteristics  of  the  generators: 
a.  Losses  at  2%^  ^0% ,  7%   and  lOC^  of  KVA 
rating  at  rated  power  factors  segregated 
as  follows: 

(1)  Friction  and  windage 

(2)  Core 

(3)  Aimature  I  squared  R 

(4)  Stray  load 
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(5)  Field  I  squared  R 

(6)  R'iain  exciter 

(7)  Pilot  exciter 

(8)  Ibtal   losses 

b.  Resistance  of  armature  and  field  windings. 

£.  Deviation  factor  of  wave  form. 

d.  Direct  and  quadrature  axis  values  of 

synchronous  reactance. 
£.  Direct-axis,  transient  reactance. 
J[.  Direct  and  quadrature  axis  values  of 

sub- transient  reactance. 
£.  Zero  sequence  reactance. 
_h.  Negative  sequence  reactance. 

i-06.  COM^^ENCE^IENT.  PROSECUTION  AND  CQfcI^L£TION.   The  contractor  shall 
commence  work  under  the  contract  within  30  calendar  days  after  date  of  re- 
ceipt of  him  of  notice  to  proceed,  shall  prosecute  the  said  work  with  faith- 
fulness and  energy,  and  shall  complete  each  generator  within  the  periods  of 
time  (calendar  days)  specified  in  "Table  I.* 

TABLE  1  -  GENERATORS 

UNIT  NUMBERS.  MAIN  GENERATORS  (^^^^.000  KVA^ 


SCHEDULE  I  -  - 
SCHEDULE  II  - 
SCHEDULE  III  - 
SCHEDULE  IV  -  ■ 


-  No.  36  No.  33  No.  30  No.  27  No.  24  No.  21 

-  No.  35     No.  32  No.  29  No.  26  No.  23  No.  20 

-  No.  3k     No.  31  No.  28  No.  25  No.  22  No.  19 
._-__.-._--_-«--_--_-_  -House  Unit 

(7,500  KVA) 

DELIVERY  AND  ERECTION  SCHEDULE 
(CALENDAR  DAYS  AFTER  AWARD  OF  CONTOACT) 


ITEM 


Delivery  of  Material     720    78O    840 


900 


960    1020    720 


Completion  of  Unit 
Ready  for  Tests 


900    960    1020   1080   1140   1200 


780 


When  conditions  at  the  site  of  the  proposed  work  are  considered  by  the 
contracting  officer  to  be  unfavorable  to  its  prosecution,  the  contracting 
officer  may  order  the  contractor,  in  writing,  to  suspend  the  work  until 
reasonable  conditions  for  prosecution  of  the  work  obtain.  When  the  work  is 
thus  suspended  the  time  for  completion  of  the  contract  will  be  extended  in  ein 
amount  equal  to  the  actual  number  of  days  of  such  suspension,  as  determined  by 
the  contracting  officer  and  subject  to  the  provisions  of  Articles  3  and  9  of 
the  contract. 

In  case  of  failure  by  the  United  States  to  furnish  uninterrupted  service 
of  the  facilities  to  be  furnished  by  the  Government  and  necessary  for  construction 
operations,  the  time  for  completion  of  the  contract  will  b6  extended  in  an  amount 
equal  to  the  actual  number  of  days  that  such  facilities  are  out  of  service. 

In  the  event  that  decision  on  approval  of  drawings  is  not  given  by  the 
contracting  officer  within  the  I5  calendar  day  period  allowed  in  paragraph  I-05 
hereof,  the  time  for  completion  of  the  contract  will  be 
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extended  in  an  amount  equal  to  the  excess  tijue  required  for  suoh  aotion. 

In  case  the  time  for  completion  of  the  worlc  is  extended  due  to  any 
of  the  causes  specified  herein,  it  is  distinctly  understood  and  agreed  that 
the  oontraotor  will  accept  the  extension  of  time  in  which  to  complete 
his  contract  in  full  satisfaction  of  any  delays  encountered  and  the  United 
States  will  not  be  held  liable  for  any  ocsts  or  expenses  incurred  by 
contractor  as  a  result  of  the  increased  period  of  the  contract. 

The  contractor  shall  submit  the  contracting  officer  a  schedule 
of  shipment  of  parts  to,  and  a  schedule  of  work  to  be  done  at,  Barnhart 
Island,   The  contracting  officer  will  approve  or  correct  this  schedule 
and  will  issue  shipping  instructions  and  make  the  necessary  arrangements 
to  have  space  available  for  the  unloading  and  assembly  at  the  power  house 
site.   The  contractor  shall  adhere  to  this  schedule,  as  approved  or  as 
revised  from  time  to  time  with  approval  of  the  contracting  officer,  and 
no  shipment  may  be  made  in  advance  of  schedule  without  written  approval 
of  the  contracting  officer. 

Should  the  work  on  the  power  house  be  so  delayed  as  to  make  it 
impossible  to  proceed  with  the  generator  assembly  at  the  site,  according 
to  approved  schedule,  the  Government  will  provide  space  at  or  near  the 
site  for  storage  of  all  parts  until  such  time  as  the  assembly  may  proceed 
and  will  pay  all  costs  of  storing  the  material  and  moving  it  under  the 
power  house  crane  when  the  building  is  ready  for  the  assembly. 

1-07.   SLr?JDAYS.  HOLIDAYS  AND  NIGHTS.  No  work  shall  be  done  at  the 
site  of  the  power  house  on  Sundays  or  on  days  declared  by  Congress  as 
holidays  for  per  diem  employees  of  the  United  States  except  in  case  of 
emergency,  and  then  only  with  the  written  consent  of  the  contracting  officer. 
Work  may  be  done  at  night  provided  the  contractor  maintains,  from  sunset 
to  sunrise,  such  lights  on  or  about  his  work  as  the  contracting  officer 
may  deem  necessary  for  the  proper  observations  and  performance  of  the 
operations* 

1-08.   PAYMENTS.  Subject  to  all  the  provisions  set  forth  below, 
payments  to  the  contractor  will  be  made  monthly  in  acoorde.noe  with  a  well- 
balanced  schedule,  to  be  prepared  by  the  contractor  and  approved  by  the 
contracting  officer,  apportioning  the  total  amount  of  the  contract 
among  the  main  items  that  go  to  form  the  completed  requirements.   The 
amount  apportioned  to  each  of  said  items  shall  be  separately  stated  for 
labor  and  for  material.   The  total  amount  shown  by  said  schedule  shall 
equal  the  total  amount  to  be  paid  under  the  contract.   In  accordance  with 
Article  I6  of  the  contract,  10  per  cent  of  each  payment  will  be  retained 
from  that  payment.   Of  the  10  per  cent  retained  one-half,  or  5  P©r  cent 
of  the  contract  price,  will  be  paid  when  the  machinery  has  been  completely 
installed  und  tested  to  the  satisfaction  of  the  contracting  officer  under 
the  provisions  of  paragraph  1-22,  and  the  remainder  will  be  paid  upon 
final  acceptance  after  100  days  of  successful  operation  and  after  conducting 
the  overspeed  test  specified  in  paragraph  2-23* 

1-09.   PAYMENT  FOR  FACILITIES  AND  SERVICES  FURNISHED  BY  THE  GOVSRNMEHT. 
Various  facilities  and  services  will  be  furnished  the  oontraotor  by  the 
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TTnited  States  free  of  charge  or  at  the  prices  indicated  herein  as 
'rovided  for  in  these  specifications.  The  contractor  will  be  billed 
monthly  for  all  such  services  furnished  at  the  rates  specified  herein 
and  all  amounts  remaining  unpaid  after  twenty  days  from  date  of  invoice 
will  be  deducted  from  the  monthly  payments  made  under  this  contract  to 
the  contractor. 

1-10.   COI^TRUCTION  CAIvlP.   (a)  The  Government  has  constructed  a 
camp  on  the  right  bank  near  the  plant  site  and  it  maintains  and  operates 
suitable  accommodations  to  subsist  and  quarter  the  contractor's  men. 
The  contractor  will  be  required  to  house  as  many  men  in  this  campr^  as  is 
deemed  practicable  as    determined  by  the  contracting  officer.  Charges 
for  subsistence  and  quarters  for  men  in  Government  quarters  will  be 
the  same  as  charged  for  Government  employees. 

The  contractor  shall  pay  for  quarters  and  subsistence  so  furnished 
monthly  within  twenty  (20)  days  after  receipt  by  him  of  invoice,  provided 
that  if  such  payment  is  not  so  made,  deductions  therefor  may  be  made  from 
any  amounts  due  or  to  become  due  to  the  contractor. 

(b)  RENTAL  OF  GOTFRhMEm   BUILD I^DS.   If  at  any  time  during  the 
period  of  this  contract  Government  owned  buildings  should  not  be  required 
for  other  purposes,  they  will  be  made  available  to  the  contractor  at  rental 
rates  to  be  fixed  by  the  contracting  officer.  These  rates  will  be  based 
upon  amortization  of  the  cost  of  the  buildings  during  the  estimated 
period  of  their  usefulness  in  the  construction  of  the  power  house. 

Upon  request,  houses,  if  available,  together  with  electricity,  water, 
garbage  collection  and  such  other  facilities  as  are  furnished  to 
Government  employees,  will  be  furnished  to  the  contractor  as  residences 
for  engineers,  superintendents,  foremen,  and  other  employees  who  will 
reside  at  the  work  with  their  families  at  the  same  established  rates  charged 
Government  employees.  The  contractor  shall  be  responsible  for  rental 
and  utility  charges  accruing  against  any  of  his  employees  housed  in 
Government  buildings. 

(c)  FIELD  OFFICE.  The  contractor  will  be  required  to  locate  his  main 
local  office  end  other  field  offices  as  may  be  required  for  the  construction 
work  to  be  done  under  these  specifications  near  the  site  of  the  work  at 
locations  approved  by  the  contracting  officer. 

(d)  TRArSPORTATION  OF  EMPLOYEES.  The  contractor  shall  make  arrangements 
for  transportation  of  his  men  between  the  camp  and  the  site  of  the  work 
without  charge  to  the  employees. 

1-11.   DAMAGE.  Damage  to  Government  property  or  buildings  occupied 
by  the  contractor  by  fire,  tornado,  or  any  other  causes  shall  be  made 
good  by  him  without  expense  to  the  United  States,  except  as  stated  there 
in  after  in  this  paragraph.  All  loss  or  deterioration  of,  or  damage  to 
the  permanent  equipment  supplied  by  the  contractor  by  flood,  accident 
or  exposure  prior  to  final  acceptance  shall  be  made  good  by  the  contractor 
without  expense  to  the  United  States.  He  will  also  be  held  reaponsible 
for  any  damage  done  to  adjoining  property  through  his  neglect  or  failure 
to  protect  the  work  properly.  Hfe  will  be  held  responsible  for  damage 
done  to  the  power  house  onlyyas  results  from  his  neglect  or  failure  to 
protect  the  work  properly. 

1-12.   ELECTRICAL  ENERGY. 

1-13.   CONSTRUCTION  RAILWAY. 

1-14.   HIGFffAYS . 
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1-15.   WfY^PTT-AT.  AND  \!EDICAI.  CARE. 

1-16.   TELEPHONE  SERVICE. 

1-17.   WATER  SUPPLY. 

1-18.   FIRE  PROTECTION  SYSTEM. 

1-19.   HEAT. 

1-20.      PURCHASE  ORDERS. 

1-21.      INSURANCE . 

1-22.   FHOTQCRAFHS. 

(These  paragraphs  are  to  be  U.  S. 

Engineer  Office  standard  paragraphs 

for  such  items ) 

1-23.  DELrrERY  AND  SHIFMET-T.  Material  and  machinery  furnished  under 
the  contract  to  which  the  United  States  acquires  title  shall  be  delivered 
f .  o.  b.  railroad  cars  at  specified  factory  shipping  point  and  will 
be  shipped  on  Government  bills  of  lading  furnished  by  the  contracting 
officer.  The  contractor  shall  prepare  and  load  all  materials  and  articles 
for  shipment  in  such  manner  as  to  protect  them  from  damage  in  transit, 
and  shall  be  responsible  for  and  make  good  any  and  all  damage  due  to 
improper  preparation  or  loading  for  shipment.  Except  as  otherwise  provided 
in  paragraph  I-06,  the  contractor  shall  unload  and  handle  all  materials 
and  machinery  from  cars  at  point  of  destination. 

It  is  understood  and  agreed  that,  if  the  actual  shipping  weight 
as  latter  detennined  by  the  freight  bills,  exceeds  the  shipping  weight 
stated  by  the  bidder  in  his  bid,  the  Government  will  deduct  from  any 
payment  due  the  contractor  the  cost  of  transportation  from  the  shipping 
point  to  Massena,  New  York,  on  such  excess  weight.  Excess  weight  shall 
be  defined  as  that  in  excess  of  the  estimated  weight  given  by  the  bidder 
in  his  bid.  Where  shipments  are  in  fact  made  from  points  other  than 
those  stipulated  in  the  contract  or,  at  the  option  of  the  contracting 
officer,  where  excess  weight  is  involved,  an  amount  sufficient  to  cover 
any  excess  in  freight  costs  to  the  Government  will  be  withheld  from 
final  payment  and  vouchered  to  the  General  Accounting  Office  for  direct 
settlement. 

In  order  to  prevent  congestion  due  to  several  contractors  erecting 
turbines,  generators,  etc.  simultaneously,  the  contractor  shall  cooperate 
with  the  contracting  officer  in  the  preparation  of  shipping  schedules 
as  the  work  progresses,  and  no  shipmints  of  materials  on  their  contract 
shall  be  made  without  the  approval  of  the  contracting  engineer. 

1-24.   INTENT  OF  PLANS  AND  SPECIFICATIONS.  The  intent  is  to 
prescribe  a  complete  work  or  improvement  which  the  contractor  shall  do 
in  full  compliance  with  the  plans  and  these  specifications.  The  contractor 
shall  perform  the  work  in  accordance  with  the  lines,  grades,  typical  cross 
sections  and  dimensions  shown  on  the  plans  or  as  modified  by  written 
orders  involving  changes  or  imposed  as  a  result  of  changed  conditions; 
and  he  shall  furnish,  unless  otherwise  provided  in  the  specifications, 
plans,  or  in  the  contract,  all  mateials,  implements,  machinery,  equipment, 
tools,  supplies  and  labor  necessary  for  the  prosecution  of  the  work. 

1-25.   INTERPRETATION  OF  SPECIFICATIONS.   On  all  questions  relating 
to  the  acceptability  of  material  or  supplies  of  machinery,  classifications 
of  materials,  the  proper  execution  of  the  work,  and  the  interpretation 
of  the  specifications,  the  decision  of  the  contracting  officer  shall 
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be  final,  subject  to  appeal  as  provided  in  paragraph  1-39  hereof. 

1-26.  MATERIALS  AND  WORKMANSHIP.  All  materials  shall  be  the  best 
of  their  respective  kinds  and  of  the  classification  and  grades  designated. 
Material  shall,  as  far  as  practicable,  conform  to  the  latest  specifications 
issued  by  the  Federal  Specification  Board  covering  the  class  or  kind  of 
materials  to  be  used.  All  materials,  supplies  and  articles  furnished 
shall,  wherever  so  specified,  and  otherwise  wherever  practicable,  be 
the  standard  stock  products  of  recognized,  reputable  manufacturers.  T'he 
standard  stock  products  of  manufacturers  other  than  those  specified  will 
be  accepted  when  it  is  proved  to  the  satisfaction  of  the  contracting 
officer,  in  accordance  with  Article  7  of  the  contract  that  they  are  equal 
in  strength,  durability,  usefulness  and  convenience  for  the  purpose  intended. 

In  accordance  with  Article  7  of  the  contract,  all  materials  shall 
be  of  the  highest  grade,  free  from  defects  and  imperfections,  of  recent 
manufacture,  and  unused.  Workmanship  shall  be  of  the  highest  grade  and 
in  accordance  with  the  best  modern  standard  practice. 

1-27.  WORK  C07KRED  BY  CONTRACT  PRICE.  The  contract  price  for  each 
item  of  the  schedule  shall  include  the  entire  cost  to  the  United  States 
for  that  item  in  place  when  finally  accepted,  unless  otherwise  specifically 
provided  for  herein. 

1-28.   PROGRESS.  ORGANIZATION  AND  PLANT.  The  contractor  shall  employ 
an  ample  force  of  men  and  provide  construction  plant  properly  adapted 
to  the  work  and  of  sufficient  capacity  and  efficiency  to  accomplish 
the  work  in  a  workmanlike  manner  at  a  rate  of  progress  satisfactory 
to  the  contracting  officer.  All  his  plant  shall  be  maintained  in  good  working 
order  and  provision  shall  be  made  for  immediate  emergency  repairs. 

Should  the  contractor  fail  to  maintain  a  satisfactory  rate  of 
progress,  the  contracting  officer  may  require  that  additional  men  or 
plant  be  placed  on  the  work,  or  a  re-organization  of  plant  layout  be 
effected  in  order  that  the  work  be  brought  up  to  schedule  and  maintained 
there.  Should  the  contractor  refuse  or  neglect  to  so  increase  the  number 
of  men  or  plant,  or  reorganize  the  plant  layout  in  the  manner  satisfactory 
to  the  contracting  officer,  the  latter  will  proceed  under  the  provisions 
of  Article  9  of  the  contract. 

1-29.   ORDER  OF  WORK.  The  work  is  to  be  carried  on  at  such  localities 
and  in  such  order  of  precedence  as  may  be  found  necessary  by  the  contracting 
officer. 

1-30.  MISPLACED  MATERIAL.  Any  material  that  is  placed  elsewhere 
than  in  places  designated  or  approved  by  the  contracting  officer  will 
not  be  paid  for,  and  the  contractor  may  be  required  to  remove  such 
material  and  place  it  where  directed. 

1-31.   COOPERATION  WITH  OTHER  CONTRACTORS.  During  the  life  of 
this  contract  other  work  will  be  in  progress,  conducted  by  the  Oorernment 
and  other  contractors  for  the  construction  of  other  parts  of  the  Barnhart 
Island  project.  The  contractor  shall  so  arrange  his  work  and  plant  as  to 
reasonably  cooperate,  in  the  opinion  of  the  contracting  officer,  with 
the  forces  of  the  Government  and  other  contractors  engaged  in  constructing 
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other  features  of  the  project.  No  allowance  for  damages  or  extra 
compensation  on  account  of  cooperation  required,  will  be  made. 

The  erection  space  within  the  power  house  is  shown  on  the  drawing. 
The  floor  in  this  space  is  designed  for  a  loading  of  1000  pounds  per 
square  foot.  This  space  will  be  available  for  the  work  under  this  and 
other  contracts  for  turbines  and  generators,  but  the  contractor  will 
be  required  to  schedule  his  work  with  the  contracting  officer  and  to 
arrange  for  assembly  of  such  portions  of  his  generators  and  equipment 
as  cannot  be  accommodated  in  the  regular  erection  bay.  For  this  purpose, 
the  contractor  will  be  permitted  to  use  such  turbine  and  generator  foundation 
spaces  as  are  not  otherwise  occupied  and  as  may  be  assigned  to  him  by 
the  contracting  officer. 

The  contractor  on  schedule  I  Shall  furnish  two  floor  plates  for 
placing  generator  rotors  in  the  erection  bays  on  the  United  Stated  side 
of  the  International  Boundary  Line.  Each  generator  contractor  shall 
furnish  two  pedestals  for  the  support  of  his  rotors,  and  all  contractors 
will  be  required  to  cooperate  in  the  design  of  the  pedestals  to  the  end 
that  all  pedestals  will  fit  these  two  floor  plates. 

Each  half  of  the  generator  room  will  be  equipped  with  two  cranes 
each  of  3OO  ton  capacity  and  each  with  auxiliary  hoists  and  provision 
will  be  made  for  simultaneous  use  of  these  two  cranes  with  lifting 
beams  for  such  lifts  as  require  this  crane  combination.  In  addition  to 
the  generator  room  cranes,  there  will  be  one  200  ton  crane  over  the 
erection  bay  on  the  downstream  side  of  the  generator  room  in  each  end 
of  the  power  house  and  one  in  the  erection  bay  at  the  International 
Boundary  Line.  These  will  be  available  for  unloading  parts  from  railway 
cars  and  provision  will  be  made  to  transfer  these  parts  under  the  generator 
room  cranes.  Crane  operators  will  be  furnished  by  the  Government.  The 
Government  will  also  furnish  a  sufficient  number  of  power  operated  trucks 
capable  of  hauling  loads  not  exceeding  two  tons  and  will  furnish  operators 
for  these  trucks.  All  material  within  their  capacity  will  be  hauled  by 
these  trucks  and  will  be  placed  within  reach  of  any  gib  cranes,  derricks 
or  hoists  that  the  contractor  may  furnish  for  his  erection  work.  All 
labor,  other  than  the  operators,  in  connection  with  delivery  of  his  parts 
by  crane  or  by  truck  shall  be  furnished  ^y  the  contractor.  Use  of  these 
cranes  and  trucks  will  be  scheduled  by  the  contracting  officer  and 
every  reasonable  effort  will  be  made  to  expedite  the  work  of  all  concerned 
but  no  additional  payment  will  be  made  to  any  contractor  because  of 
delay  caused  by  this  scheduling. 

1-32.   INSPECTION  AND  TESTS. 

1-33.   BASIS  FOR  E(^UITABLE  ADJUSTT>ffiNTS  FOR  ADDITIONAL  i^ORK 
REQUIRED  BY  CHA^CES  IN  DRAWINGS  AND  SPECIFICATIONS. 

1-34.   ADJUSTME^7^  OF  PRICES  FOR  LABOR  AND  MATERIAL. 

1-35*   COST  DATA  TO  BE  FURNISHED  BY  T?TE  CONTRACTOR. 

1-36.   IDENTIFICATION  OF  CONTRACTOR'S  EMPLOYEES. 

1-37.   CLEANING  UP. 

1-38.      FINAL  EXAMINATION  AND  ACCEPTANCE. 

1-39.      PROTESTS  AND  APPEAI3  . 

1-40.      LIABILITY  AND  SAFETY  REQUIREMENTS  AT  THE  SITE 
OF  THE   PROJECT. 

1-41.      PATEOTS. 

1-42.      PREFERENCE  FOR  DOMESTIC  ARTICLES. 

1-43.      REPORTS . 

1-44.      RATE   OF  WAGES. 

1-45.      TAXES. 

1-46.      FEDERAL  SPECIFICATIONS. 

1-47.      EXECUTION  OF  CONTRACT. 
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1-48.   APPROVAL. 

(These  paragraphs  are  to  be  U.  S. 
Engineer  Office  standard 
paragraphs  for  such  items.) 
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SECTION  II  -  DBTAIL  SPECIFICATIONS 
QSNERATORS 

2-01  RSQUIRSMSNT.   It  is  req^ulred  that  there  be  furnished  f.o.b.  manu- 
faoturer's  shops  and  unloaded,  erected  and  tested  in  the  Barnhart  Island 
power  house  on  the  St.  lAwrenoe  River  near  Uassena,  New  York,  the  following 
equipment  for  the  United  States  Gov ernment i 

SLghteen  (18)  55,000  kva,   60  oyole,  3  phase,  13,800  volt, 
69.2r.p.m. ,  $5%   power  factor  generators,  each  of  the  vertical 
shaft  type  and  each  with  direct  connected  main  exciter  eind  pilot 
exciter,  thrust  and  guide  bearings,  air  coolers,  voltage  regu- 
lators, rheostats  and  field  breaker  panel. 

One  (1)  house  service  unit,  7500kva,  60  cycle,  3  phase, 
13,800  volt,  150  r.p.  m. ,  85%   power  factor  generator  of  the  vertical 
shaft,  umbrella  or  overhung  type  with  direct  connected  exciter, 
thrust  and  guide  bearings,  air  coolers,  field  rheostat  and  field 
breaker  panel, 

2-02.  WORK  AND  MATERIALS  TO  BE  FIJRmSHSD  BY  THE  GOVSRNMENT. 
The  government  will, without  cost  to  the  contractor,  furnish  and  provide  the 
following: 

a.  All  concrete  foundations  for  supporting  the  generators  euad 
auxiliary  equipment.   (The  contractor,  however,  shall  furnish 
anchor  bolts  and  any  other  parts  which  are  to  be  embedded  in 
the  concrete  foundations  for  the  generators  and  drawings  in 
sufficient  detail  to  permit  the  proper  placing  of  theoe  bolts 
and  parts  by  others.) 

b.  Transportation  as  specified  in  paragraph  I-03. 

£.   Use  of  crane  facilities  including  crane  operators  at  the  con- 
tractor's sole  risk  as  may  be  necessary  for  the  assembly  and 
erection  of  the  apparatus  in  the  power  house.   The  use  of 
creine  facilities  must  be  shared  with  other  contractors  and 
the  Government  as  directed  by  the  contracting  officer  . 

d^.   Blectrloal  energy  as  specified  in  paragraph  1-12. 

%>     All  permanent  electrical  conduits  and  electrical  connections 
external  to  the  generators. 

£.   \11  necessary  permanent  piping,  external  to  the  generators, 
for  water  and  air. 

^.   Space  in  the  assembly  bay  and  on  portions  of  the  generator 
room  floor  sufficient  for  the  assembly  of  two  generators  and 
any  additional  space  as  may  be  available.   (See  paragraph  I-3I). 

jh.   Painting  of  all  apparatus  after  installation  is  completed. 

^.   Use  of  hydraulic  turbine,  switching  apparatus  and  such  other 
facilities  as  the  Government  has  available  for  preliminary 
operation  of  the  generator  and  for  making  field  acceptance 
tests  on  the  generator  and  auxiliary  equipment. 

J.   Load  for  heat  run  as  required  under  paragraph  2-22. 

Jc.   Circuit  breaker  suitable  for  short  circuit  tests. 

2-03.  WORK  AND  MATERIALS  TO  BS  FURNISHED  BY  THE  CONTRACTOR. 
Except  as  otherwise  provided  in  paragraph  1-02,  the  contractor  shall  furaish 
all  labor,  materials,  equipment,  instruments,  tools  and  special  facilities  ro- 
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quired  in  connection  with  the  manufacture,  installation  and  testing  of  the 
generators  and  auxiliary  apparatus  and-  shall  provide  for  or  arrange  for  such 
temporary  construction,  and  other  facilities  as  he  may  require  in  connection 
with  erection  of  his  equipment.   The  contractor  shall  furnish  a  device  or  de- 
vices for  attaching  the  rotors  and  shafts  and  any  other  parts  as  necessary 
to  the  crane  lifting  beams,  and  shall  cooperate  with  the  crane  contractor  in 
fitting  these  devices  to  the  beams. 

2-04.   BLBCTRIC  ¥SLDINa  -  FUSION  TYPS. 

(a)  Preparation  for  Welding.  Members  to  be  joined  by  welding  shall 
be  out  accurately  to  size  and,  where  required,  shall  be  rolled  or  pressed  to 
the  proper  curvature  in  accordance  with  dimensions  shown  on  the  drawings.   The 
edges  of  the  members  shall  be  sheared,  flame-cut,  or  machined  to  suit  the  re- 
quired type  of  welding  and  to  allow  thorough  penetration.   The  cut  surfaces 
shall  expose  sound  metal  free  from  laminations,  surface  defects  caused  by 
shearing  or  flame-cutting  operations,  or  other  injurious  defects.   The  sur- 
faces of  plates  to  be  welded  shall  be  free  from  rust,  grease  and  other  foreign 
matter  for  a  distance  of  at  least  one-half  of  an  incii  back  from  the  edge  of 
the  v^eld. 

(b)  Welding.   All  welding  shall  be  performed  by  the  electrio-aro 
method,  by  a  process  which  will  exclude  the  atmosphere  from  the  molten  metal 
and,  where  practical,  under  procedure  control  using  automatic  machines.   Af- 
ter being  deposited,  welds  shall  be  cleaned  of  slag  and  shall  show  uniform 
sections,  smoothness  of  weld  metai,  feather-edges  without  overlap,  and  free- 
dom from  porosity  and  clinkers.   Visual  inspection  at  the  edges  and  ends  of 
welds  shall  indicate  good  fusion  with  the  base  metal.   Particular  care  shall 
be  taken  in  aligning  and  separating  the  edges  of  members  to  be  joined  by  butt- 
welding,  so  that  complete  penetration  and  fusion  at  the  bottom  of  the  joint 
will  be  assured.   All  pinholes,  cracks,  and  other  defects  shall  be  repaired 

by  chipping  or  grinding  the  defects  to  sound  metal  and  rewelding.   Where  fillet 
welds  are  used,  the  members  shall  fit  closely  emd  shall  be  held  together  dur- 
ing welding.   The  welding  rods  used  for  manual  welding  shall  be  of  the  heavi- 
ly coated  type  and  shall  be  suitable  for  all-position  welding  where  re- 
quired. 

(c)  Qualification  of  Welding  Process.  The  contractor  shall  have 
established  and  recorded  a  process  specification  of  the  welding  process  that 
he  proposes  to  use  and,  if  required,  shall  fUrnish  to  the  contracting  officer 
a  copy  of  such  process  specification,  together  with  certified  copies  of  re- 
ports of  results  of  tests  made  in  accordance  with  the  process  specification. 
The  qualification  of  the  welding  process  shall  be  in  accordance  with  the 
•Standard  Qualification  Procedure"  of  the  American  Welding  Society,  and  the 
minimum  requirements  of  the  tests  shall  be  as  stated  in  the  appendix  to  said 
"Standard  Qualification  Procedure." 

(d)  Qualification  of  Welders.   The  contractor  shall  be  responsible 
for  the  quality  of  the  work  performed  by  his  welding  organization.   All  weld- 
ding  operators  assigned  to  the  work  shall  have  passed  the  qualification  test 
for  welding  operators  as  specified  in  the  "Steuadard  Qualification  Procedure" 
of  the  American  Welding  Society,  and  the  minimum  requirements  of  the  tests 
shall  be  as^statedin  the  appendix  to  the  above-mentioned  rules.   If  at  any 
time,  in  the  opinion  of  the  contracting  officer,  the  work  of  any  operator 
appears  questionable,  such  operator  will  be  required  to  pass  additional 
qualification  tests  determined  by  the  contracting  officer.   All  qualifica- 
tion tests  for  welding  operators  and  the  physical  tests  of  the  welded  speci- 
mens shall  be  made  in  the  presence  of  the  inspector.   The  contractor  shall 
furnish  all  test  plates  and  all  welding  electrodes  required  for  making  the 
qualification  tests.   The  test  plates  shall  be  of  the  same  material  as  the 
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material  to  be  used  in  the  work,  the  edges  shall  be  grooved  or  beveled 
where  required,  and  the  technique  of  welding  shall  be  the  saiae  as  to  be  used 
in  the  work.  I'he   welding  electrodes  shall  be  of  the  same  size,  type,  and 
brand  of  iranufacture  as  those  to  be  used  in  the  work.   If  required,  the  con- 
tractor shall  furnish  to  the  contracting  officer  certified  copies  of  reports 
of  the  result  of  physical  tests  of  specimens  welded  in  the  qualification  tests. 
All  expense  in  connection  with  making  the  qualification  tests  for  welding 
operators  shall  be  born  by  the  contractor. 

2-05.  TEST  SPECIMENS,  The  contractor  shall  provide  without  charge  to  the 
Government,  all  necessary  test  specimens  properly  necbined  for  testing  and  all 
samples  or  drillings  for  analysis,  and  shall  notify  the  contracting  officer 
or  his  representative  when  the  test  specimens  or  samples  are  ready  for  testing. 
All  test  specimens  and  samples  shall  be  plainly  marked  to  indicate  the 
materials  they  represent  and  shall  be  propei'ly  boxed  and  prepared  for  shipment 
if  desired.  All  tests  including  materials  shall  be  icade  at  the  expense  of  the 
contractor.  Acceptance  of  apparatus  or  the  waiving  of  inspection  thereof  shall 
in' no  way  relieve  the  contractor  of  the  responsibility  for  furnishing  apparatus 
meeting  the  requirements  of  these  specifications. 

2-O6.  GENERAL  DATA.  Each  generator  will  be  wye  connected  with  the  neural 
leads  brought  out  for  differential  protection  and  grounding.  Each  main  unit 
shall  have  main  and  pilot  exciters  with  nominal  voltage  of  250  volts  and 
provisions  for  mounting  a  permanent  magnet  generator  for  driving  the  governor. 
The  house  service  unit  shall  be  of  the  saae  type  except  that  no  pilot  exciter 
will  be  required.  Rotation  of  all  units  will  be  clockwise  when  viewed  from 
above.   The  main  requirements  for  each  of  the  generators  will  be  as  follows: 


Kva  rating 
Power  factor 
Frequency,  cycles 
Number  of  phases 
R.P.M. 

Phase  to  phase  volts 
Insulation  Class 
Wr2  not  less  than 
TUrbine  and  hydraulic 
thrust  load  -  Iba. 
Runaway  speed  -  r.p.m. 


1  House 

18  Lfein  Uni 

ts 

Service  Unit 

55.000 

'95 
60 

7.500 

.85 
60 

3 
69.2 

13,800 

3 

150 

13.800 

B 

B 
2,200,000 

Ratings,  tests,  characteristics,  etc.  shall  be  in  accordance  with  the 
latest  adopted  standards  of  the  A.  S.  A.  and  of  the  National  Electrical 
R^nufacturers '  Association,  each  as  they  apply,  unless  otherwise  definitely 
specified.  The  maximum  temperature  rise  of  the  alternator  armature  and  field 
windings  shall  not  exceed  (60)  degrees  Centigrade  with  full  load  at  rated 
speed,  voltage,  and  power  factor  and  with  entering  air  not  more  than  40  (de- 
grees Centigrade, 

2-07.  ELECTRICAL  CHARACTERISTICS .  T^ie  electrical  characteristics  shall 
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bo  standard  and  approximately  as  follows: 


Transient  reactance 
Short  circuit  ratio 
No-load  balance  telephone 

interference  factor, 

not  greater  than 
No-load  residual  telephone 

interference  factor, 

not  greater  than 
Deviation  factor  of  wave 

form  shall  not  exceed 
Efficiency  at  7S%   load  and 

at  rated  speed,  power 

factor,  and  voltage  shall 

not  be  less  than 


18 
Main   Units 

.44 
1.15 


50 

30 
loj? 

96 


1  House 
Service  tfciit 

.44 

1.05 


60 
30 

10% 


All  main  generators  shall  be  capable  of  successful  parallel  opera- 
tion with  each  other  on  a  common  low  tension  bus. 

2-08.  STRUCTURAL  DSTAILS.   The  maximum  unit  stresses  due  to  maximum  (run- 
away) speed  shall  act  exceed  two  thirds  of  the  yield  point. 

The  generators  shall  be  designed  and  constructed  so  that  they  can 
be  assembled  and  disassembled  with  the  power  house  cranes  without  disturbing 
ary  other  unit. 

E>.ch  generator  shall  be  provided  with  a  metal  base  plate  or  plates 
and  with  bolts  and  dowels  for  fastening  the  stator  frame  and  bearing  bracket 
to  the  base  plates  and  for  preserving  the  alignment  between  the  generator 
parts  and  base  plates,   jtachor  bolts  and  dowels  shall  be  supplied  for  the 
stator  sufficient  to  prevent  movemeat  of  the  stator  under  the  short  circuit 
conditions  specified  in  paragraph  2-22-j.  \   very  liberal  number  of  dowels 
shall  be  provided  in  order  to  prevent  einy  possible  movement  of  the  bearing 
bracket  on  the  base.   The  bracket  supporting  the  thrust  bearing  shall  be 
of  sufficient  streagth  and  rigidity  to  support  the  weight  of  the  entire  ro- 
tating element  of  the  generator,  the  turbine  runner  and  shaft  and  the  hy- 
draiilio  thrust  of  the  turbine  runner.   The  bearing  bracket  or  support  shall 
be  so  designed  and  constructed  that  it  can  be  removed  through  the  stator 
of  the  generator.   Suitable  platforms  with  safety  treads  of  approved  type 
shall  be  provided  in  the  exciter  housing  for  the  inspection  of  the  exciters. 
Adequate  guards  over  or  around  all  live  or  moving  parts,  including  main 

lead  terminals,  shall  be  provided. 

2-09.  STATOR.  The  stator  core  shall  be  built  up  with  high  grade,  non- 
aging,  thin  laminated  silicon  steel,  each  lamination  coated  on  both  sides 
with  insulating  varnish  or  other  material  to  minimize  eddy  current  losses. 
The  laminations  shall  be  adequately  keyed  or  dove-tailed  to  the  stator  frame, 
and  securely  held  in  place  by  clamping  flanges  at  each  end.   To  insure  uni- 
form tightness  of  laminations,  full  final  clamping  pressure  shall  be  ap- 
plied to  successive  layers  of  laminations  not  more  than  18  inches  high 
while  being  stacked.   There  shall  be  no  objectionable  buzzing  of  laminations 
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during  operation.  The  air  ducts  in  the  stator  core  shall  be  arranged  to  rreke 
the  flow  of  air  smooth  and  quiet  and  to  minimize  air  friction  losses.   The 
armature  winding  shall  be  star  connected  and  both  ends  of  each  phase  winding 
shall  be  brought  out  of  the  stator  frame  at  points  approved  by  the  contracting 
officer.  Each  generator  shall  be  capable  of  withstanding  a  3-pb3se  short  cir- 
cuit at  its  terminals  under  operating  conditions  'without  injury  to  the  stator 
winding,  provided  that  the  duration  of  such  short  circuits  is  not  sufficient  to 
cause  injurious  heating.  The  stator  winding  shall  be  insulated  with  full  Class 
B  insulation  as  defined  by  the  A,  S.  A.  Standards.  The  temperature  rise  of  the 
stator  winding  wher  delivering  full  rated  output  continously  shall  not  exceed 
sixty  (60)  degrees  Centigrade.  The  armature  coils  shall  be  form  wound  and  in- 
terchangeable. 

Turn  and  coil  insulation  shall  be  mica  or  other  approved  tape  continously 
applied  throughout  the  coils.  The  coils  shall  be  so  impregnated  with  high-grade 
insulating  varnish  that  the  insulation  becomes  a  dense,  homogenous  m.ass ,  free 
from  air  pockets.  The  insulation  shal]  become  reasonably  plastic  by  the  app- 
lication of  heat  so  that  the  coils  can  be  placed  in  or  removed  from,  the  slots 
without  danger  of  damaging  the  insulation.  The  coils  shall  be  treated  so  as  to 
pj'.event  permanent  injury  from  temporary  exposure  to  dampness.  The  insulation 
of  the  stator  coils  shall  be  provided  with  an  outer  protective  taping  of  varnished 
ferrous  asbestos  cloth  or  any  equivalent  semi -conducting  rmterial  to  provide 
corona  shielding.  The  outer  protective  taping  shall  be  heat  resisting  and  shall 
not  deteriorate  under  high  tem.peratiu^e. 

A  type  of  winding  is  desired  which  will  minimize  circulating  current  losses 
and  heating.  The  strands  shall  be  annealed  copper,  free  from,  splinters,  burrs, 
flaws,  rough  spots,  or  sharp  corners.   In  order  to  insure  against  shrinkage, 
the  coil-slot  wedges  shall  be  of  canvas  bakelite  or  other  approved  materials. 
The  end  connections  of  the  coils  shall  be  rigidly  supported  and  braced  to  pre- 
vent vibration  and  distortion  under  stresses  caused  by  the  most  severe  short 
circuit  conditions.  Twelve  10  ohm  resistance  temperature  detector  coils  shall  be 
provided  in  the  armature  winding  of  each  generator,  so  located  as  to  indicate 
as  closely  as  possible  the  highest  temperature  obtained  in  operation.   A  suit- 
able terminal  board  mounted  on  the  generator  frame  in  a  location  to  be  approved 
by  the  contracting  officer,  and  necessary  wiring  between  the  terininal  board  and  the 
individual  temperature  detectors  shall  be  proved  with  teach  generator.  The  cable 
wiring  between  the  terminal  board  and  the  temperature  recorder  will  be  provided 
by  others. 

The  contractor  shall  provide  space  and  means  for  mounting,  within  the  gen- 
erator housing,  for  not  more  than  six  current  transformers,  furnished  by  others, 
to  be  connected  in  the  neutral  leads  for  differential  protection  of  the  generators 
and  shall  cooperate  in  this  design  with  the  contractor  for  the  switching  equip- 
ment. 

2-10.  GEl^RATuH  HOUSING.  The  generators  shall  be  provided  with  a  housing 
similar  to  that  indicated  on  the  <^ttached  drawing  and  sufficiently  air  tight  to 
permit  the  use  of  coolers.   It  is  required  that  the  housing  and  the  coolers  be 
so  arranged  as  to  permit  complete  isolation  of  the  unit  and  re-circulation  of 
the  air  during  the  warmer  months  and  to  permit  "bleeding"  of  any  or  all  wai*m 
air  for  use  in  heating  the  building  during  the  colder  months.  To  this  end  the 
contractor  will  be  required  to  cooperate  with  all  contractors  for  generators 
within  this  plant  and  to  submit  the  arrangement  for  the  approval  of  the  contracting 
officer.  All  fans,  partitions  within  the  generator  housing,  motor  operated 
louvres,  motor  operated  water  valves,  etc.,  required  for  isolated  re-circulation 
of  the  air  shall  be  included. 
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All  fans  and  passages  required  for  air  circulation  throughout  the  building 
will  be  furnished  by  others.   Provision  for  return  of  air  to  the  generators 
may  be  wholly  from  below,  through  the  turbine  room,  or  partially  from  the 
turbine  room  and  partially  from  the  generator  room. 

2-11.  AIR  COOLERS.  The  contractor  shall  provide  air  coolers  for  each 
generator.   These  coolers  shall  be  of  the  straight  tube  type  with  non-fer- 
rous, corrosion-resisting  finned  tubes  expanded  into  ooirosion-rasisting 
tube  sheets.   The  arrangement  of  tubes  shall  be  such  that  einy  tube  can  be 
removed  and  replaced  without  disturbing  any  other  tube.   The  water  boxes 
shall  be  constructed  with  removable  cover  plates  to  permit  access  to  all 
tubes  for  cleaning,  inspection  or  replacement  without  disturbing  the  water 
pipe  connections.  The  coolers  shall  be  designed  to  operate  satisfactorily 
with  a  pressure  of  20  lbs.  at  the  inlet  flange  and  shall  be  subjected  at 
the  factory  to  a  hydrostatic  test  of  75  lbs.  per  square  inch.  The  con- 
tractor shall  provide  companion  flanges  on  inlet  and  outlet  pipes.   All 
external  pipes  and  fittings  will  be  furnished  and  installed  by  others  •  In- 
stallation of  the  coolers  will  be  by  the  generator  contractor.   For  design 
purposes  the  temperature  of  the  entering  water  shall  be  assumed  to  be  21 
degrees  Centigrade.   The  coolers  shall  be  designed  to  maintain  a  tempira- 
turo  of  the  air  entering  the  generators  at  not  more  than  forty  (40)  degrees 
Centigrade  with  full  load  on  the  generators  and  with  all  air  re- circulating 
in  the  generator  and  housing.   The  coolers  shall  be  provided  with  convenient 
lifting  lugs. 

2-12,  ROTOR.  KXl   HR^  shall  be  built  into  the  rotor,  no  additional  fly- 
wheel of  any  kind  being  permitted. 

The  pole  pieces  shall  be  built  of  thin  lajninations  secured  by  riv- 
ets or  bolts  and  shall  be  fastened  to  the  rotor  rim  by  means  of  accurately 
machined  or  die  punched  dovetails  matching  similar  slots  in  the  rotor  rim. 
Any  keys  or  other  devices  used  to  hold  the  pole  pieces  shall  be  firmly 
looked  in  place  so  that  no  part  can  work  loose  or  be  thrown  out.   The  con- 
struction shall  be  such  that  the  pole  pieces  may  ba  removed  and  replaced 
without  lifting  the  rotor. 

The  field  windings  shall  be  insulated  with  Class  B  insulation  in 
accordance  with  A*  S>  A.  Standardst   They  shall  be  such  that  the  temperature 
rise  under  any  operating  conditions  shall  not  exceed  sixty  (60)  degrees  Cen- 
tigrade. The  turn  insulation  shall  be  thoroughly  cemented  to  the  adjacent 
turns.   Insulating  collars  shall  be  provided  at  each  end  of  each  field  coil 
and  shall  be  adequately  supported  at  all  points.   The  winding  and  insulation 
shall  be  capable  of  meeting  any  mechanical  stresses  to  be  imposed  thereon  by 
normal  or  runaway  speeds,  special  care  being  used  to  prevent  the  end  turns 
from  deforming  or  slipping  due  to  centrifugal  stress  on  the  interconnections. 

On  the  main  generators  damper  windings  shall  be  provided  to  im- 
prove stability  under  fault  conditions  and,  specifically,  to  reduce  voltage 
distortion  under  conditions  of  single  phase  fault.   They  shall  be  designed 
for  a  ratio  of  quadrature  axi«  aubtransient  reactance  to  direct  axis  sub- 
transient  reactance  equal  to  approximately  1.3.   They  shall  be  of  low  re- 
sistance, rugged  construction  without  bolted  joints  and  without  connections 
between  the  poles.  Jfo   damper  windings  will  be  required  on  the  house  service 
generator. 

Collector  rings  shall  be  above  the  main  exciter  and  shall  be  so 
spaced  and  protected  by  barriers  that  it  will  be  practically  impossible  for 
an  operator  to  cause  a  short  circuit  between  the  collector  rings  while 
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changing  or  adjusting  brushes.   On  the  main  generatcrs  the  loads  from  the 
collector  rings  shall  run  directly  to  the  main  exciter  -armature,  as  no  sv.-itch, 
discharge  resistor  or  rheo-stat  is  to  be  used  with  these  generator  fielis.   For 
the  hous?  service  generator  one  main  field  lead  shall  be  broughtout  and  back 
for  use  with  a  single  pole  field  circuit  breaker. 

Slip  ring  brushes,  brush  holders,  and  t^rrrinal  I'jgs  shall  be  pro- 
vided to  be  used  with  a  Telvin  .bridge  type  of  temperature  recorder  or  indi- 
cator to  be  furnished  by  others.   A  100  rrillivolt  shunt  shall  be  mounted  in 
the  main  field  leads.   All  required  ^riing  sh^ll  be  installed  in  conduit  from 
the  above  to  suitable  terminal  blocks  near  the  generator  base  at  a  point  approved 
by  the  contracting  officer. 

The  rotor  of  each  generator  shall  be  provi<?ed  with  a  suitable  brake 
rirg  v:ith  which  the  brake  shoes  ?nll  make  contact.   The  wearing  surfaces  o^*  the 
brake  ring  shall  be  made  in  segments  which  shall  be  readily  removable  and  re- 
n-iwable.   Adequate  provision  shall  be  made  for  dissipating  the  heat  resulting 
from  the  application  of  the  brakes,  and  to  take  care  of  expansion  of  brake 
plates. 

The  contractor  shall  furnish  approved  lifting  devices  for  lifting 
the  rctor  and  for  lifting  the  loAer  bearing  bracket  and  shaft  for  each  size 
of  generator  or  one  device  suitable  for  all  above  lifts  and  shall  cooperate 
•.vith  the  ci'ane  contractor  to  the  extent  of  securinr  proper  connections  be- 
tween these  devices  and  the  crane. 

2-I3.   SPIAFT .   The  generator  shaft  shall  be  made  of  forged  openhearth  car- 
bon or  alloy  s-^eel  propei-ly  heat  treated.   It  shall  be  of  ample  size  to  oper- 
ate safely  at  any  speed  up  to  and  including  the  specified  runavvay  speed  with- 
out objectionable  vibration  or  distortion.  The  generator  contractor  shall 
furnish  the  generator  shaft  complete  to  and  including  half  of  the  coupling 
matching  that  on  the  upper  end  of  the  turbine  shaft  at  elevation  l^i;«0  for  the 
main  generators  and  at  elevation  195»0  for  the  house  service  geneiator.   The 
elevation  of  the  top  of  the  top  cover  pla^-e  shall  be  209.O  feet  on  each 
generator.  The  approximate  elevation  of  the  turbine  bearing  will  be: 

For  the  rnain  units 


For  the  house  service  units 


For  the  inforTation  of  the  generator  contractor,  the  turbine  con- 
tractor will  be  required  to  furnish  the  necessary  guide  bearing  at  the  ap- 
proxirmte  center  of  the  long  shaft  on  the  house  service  unit. 

The  generator  contractor  shall  cooperate  with  the  turbine  contractor 
in  deteriT^ining  the  size  of  shaft  necessary  for  stability  and  shall  furnish  the 
size  and  type  of  shaft  required  for  the  generator  to  operate  satisfactorily  with 
the  turbine  without  any  additional  cost  to  the  Government  over  that  covered  by 
the  contract  price.  The  turbine  contractor  is  required  to  furnish  all  coup- 
ling bolts  and  guards  for  the  couplings  between  the  generator  and  turbine 
shafts.  To  insure  accurate  alignment  of  the  turbine  and  generator 
shafts,  the  generator  shafts  with  thrust  collars  mounted  thereon  sh^ll  be 
shipped  and  loaned  to  the  turbine  contractor,  who  shall  ream  the  coupling  bolt 
holes,  test  shaft  sections  individually  and  then  assenible  the  entire  shaft  on 
trunnions  or  vertically  for  alignment  check,  to  be  witnessed  and  approved  in 
writing  jointly  by  the  generator  contractor,  the  turbine  contractor,  and  the 
contracting  officer.  The  generator  and  turbine  contractors  will  be  required  to 
cooperate  as  to  the  time  of  such  tests  in  such  a  manner  as  to  cause  as  little 
delay  as  possible  in  either  shipping  schedule  and  any  additional  costs  result- 
ing to  either  contractor  from  any  delay  or  faulty  wornanship  by  the  other  con- 
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tractor  shall  be  adjusted  between  the  contractors  concerned  without  any  ad- 
ditional cost  to  the  Government.   Shipment  of  shafts  for  this  test  will  be 
made  on  (Jovernment  bill  of  ladin^,  at  CJovarnment  expense.   The  generator  con- 
tractor shall  load  the  shafts  f.ob.b.  oars  at  his  plant  for  shipment  to  the 
turbine  contractor.   After  the  tests  are  completed  the  turbine  contractor 
will  load  the  generator  shafts  and  include  them  in  the  shipment  of  turbine 
parts  to  the  St.  Lawrence  plant.   Tolerances  for  the  shafts,  bearing  sur- 
faces and  coupling  flanges  shall  be  as  followst 

Individual  Turbine  and  Generator  Shafts. 

All  cylindrical  bearing  portions  of  shafts  shall  show  not 
more  than  .0015  incti  on  the  indicator,  or  .00075  inch  from 
straight.   Paces  of  coupling  flanges  .001  inch  and  thrust  bearing 
faces  shall  show  a  maximum  of  .0015  inch  on  the  indicator. 

The  female  portion  of  the  generator  shaft  shall  show  a  runout 
of  not  more  than  .001  inch  on  the  indicator. 
Combined  Turbine  and  Generator  Shafts. 

All  cylindrical  bearing  portions  of  the  shaft,  including  guide 
bearing  surfaces,  shall  show  not  more  than  .003  inch  on  the  indica- 
tor, or  .0015  inch  from  straight.   Thrust  bearing  faces  shall  show 
not  more  than  .0015  inch  on  the  indicator. 

At  the  option  of  the  generator  contractor  and  the  turbine  contract- 
or, with  approval  of  the  contracting  officer,  the  turbine  shafts  may  be 
shipped  to  the  generator  contractor  for  the  reaming  of  coupling  bolt  holes 
and  alignment  check  as  specified,  shipment  to  be  made  on  Government  bill  of 
lading  at  Government  expense,  but  loading  and  unloading  to  be  done  at  the 
expense  of  the  contractors  as  indicated  above   in  this  paragraph. 

The  generator  contractor  shall  excnange  with  the  turbine  contractor, 
and  the  governor  contractor,  all  necessary  drawings,  dimensions,  templates, 
gages,  and  other  information  required  to  insure  the  complete  sind  proper  de- 
sign and  manufacture  of  all  connecting  or  related  parts  of  the  generators, 
turbines  and  governors.   No  extra  compensation  shall  be  claimed  because  of 
any  modifications  required  to  accomodate  equipment  of  another  contractor, 
except  as  is  otherwise  specifically  provided  herein.   All  adjustments  shall 
be  made  between  the  respective  contractors  without  involving  extra  cost  to 
the  GoverniHent.   Four  copies  of  all  drawings  and  all  correspondence  relating 
to  drawings  and  specifications  interchanged  between  contractors  shall  be 
sent  to  the  contracting  officer. 

Each  generator  shaft  shall  be  accurately  machined  and  finished 
throughout  and  polished  at  the  bearing  surfaces  and  shall  be  bored  axially 
with  a  hole  not  less  than  six  inches  in  diameter  for  the  main  generators 
and  not  less  than  four  inches  in  diameter  for  the  house  service  generator, 
finished  sufficiently  smooth  to  permit  visible  inspection  of  the  interior 
structure  of  the  shaft. 

The  coupling  flanges  shall  be  of  male  and  female  constructions  vith 
the  female  portion  on  the  generator  shaft  and  the  generator  and  turbine  con- 
tractors shall  cooperate  to  secure  an  accurate  sliding  fit  between  the  two 
flanges.   The  generator  contractor  shall  furnish  the  required  template  to 
the  turbine  contractor. 

2-14.  BEARIi^GS.   Each  generator  shall  be  provided  with  a  non- spherical, 
adjustable  shoe,  Kingsbury  type,  thrust  bearing,  located  below  the  rotor. 
This  bearing  shall  have  ample  capacity  to  support  the  combined  weight  of  the 
rotating  parts  of  the  generator,  the  exciters  and  the  turbine,  including  the 

2-8 

I 


hydraulio  thrust  of  the  turbine  runner.   The  value  of  the  turbine  load  is 
given  in  paragraph  2-06.   The  bearing  area  shall  be  such  that  the  bearing 
pressure  shall  not  exceed  approximately  !^00   poimds  per  square  inch  of  active 
bearing  surface.  The  bearing  shall  be  capable  of  operating  continuously 
under  this  load  at  any  speed  from  half  rated  speed  to  110  per  cent  of  rated 
speed,  for  at  least  one-half  hour  at  runaway  speed,  and  for  at  least  one 
hour  as  low  as  10  r.p.m.  with  normal  flow  of  water  in  the  oil  cooler. 
Starting  at  normal  temperature,  the  bearing  shall  be  capable  of  operating 
at  normal  speed  without  cooling  water  for  at  least  fifteen  minutes. 

A  cooler  with  suitable  coils  of  corrosion-resisting  metal  shall  be 
provided  and  snail  have  sufficient  capacity  to  maintain  the  oil  at  the  proper 
temperature  with  wuter  temperature  of  20  degrees  Centigrade  and  a  minimum 
pressure  of  twenty  (20)  pounds  per  square  inch.   It  shall  ba  designed  to 
withstand  a  water  pressure  of  seventy-five  (75)  pounds  per  square  inch.   A 
sight  flow  indicator  with  an  alarm  contact  shall  be  included  for  the  ivater 
supply  line.   The  contractor  shall  furnish  companion  flanges  on  the  iatake 
and  outlet  pipes. 

The  generator  contractor  shall  furnish  an  electrically  operated 
valve,  with  contacts  for  indicating  lights,  to  be  mounted  in  the  water  line 
supplying  the  bearing  oil  coolers.   This  valve  will  be  oontrollei  from  the 
switchboard  and  shall  be  of  a  type  that  is  not  continuously  enei'gizad  in 
either  the  open  or  closed  position.   Control  will  be  by  125  volt  D.C.   The 
contractor  shall  furnish  and  install  all  water  piping  from  the  bearing  to  a 
point  near  the  outer  end  of  the  bearing  bracket  and  shall  properly  protect 
this  against  sweating.   All  other  water  pipes  and  fittings  will  be  furnished 
and  installed  by  others.   Should  the  coolers  be  external  of  the  bearing 
reservoir,  this  contractor  shall  furnish  all  required  electrically  driven 
pumps  and  piping  required  for  this  circulation  system. 

EJach  generator  shall  be  provided  with  one  guide  bearing  below  the 
rotor.   This  guide  bearing  shalX  be  capable  of  withstanding  all  stresses  in- 
cident to  the  operation  of  the  unit  at  any  speed  up  to  the  maximum  runaway 
speed  of  the  turbine.   It  shall  be  of  the  self-lubricatsd,  babbitt- linned 
adjustable  shoe  type.   Proper  packing  gland  shall  be  provided  above  the  oil 
reservoir  eind  a  pipe  connection  shall  be  made  to  the  labyrinth  seal  to  per- 
mit connection  to  the  draft  tube  to  create  a  vacuum  in  the  labyrinth  and 
so  prevent  the  escape  of  oil  or  oil  vapor  into  the  generator.   This  pipe 
shall  be  supplied  and  installed  to  a  point  near  the  outer  edge  of  the  bear- 
ing bracket  and  left  for  connections  by  others.   The  guide  bearing  shall  be 
so  designed  that  it  can  be  dismantled  without  disturbing  the  thrust  bearing 
or  the  generator  rotor.   The  thrust  bearing  shall  be  arranged  to  permit 
adjustment,  dismantling  and  assembly  without  disturbing  the  rotor  or  stator 
other  them  by  jacking  the  load  from  the  bearing.   Sufficiant  oil  shall  be 
supplied  for  the  initial  filling  of  all  oil  reservoirs. 

If  a  second  guide  bearing,  above  the  rotor,  is  furnished,  it  shall 
be  of  the  same  general  type  as  the  lower  guide  bearing  and  shall  have  simi- 
lar protection  against  oil  leakage,  similar  temperature  detectors  and  re- 
lays, and  similar  dismantling  provisions.   Any  upper  guide  bearing  shall  be 
between  the  generator  rotor  and  the  exciter. 

One  standard  10  ohm,  embedded  temperature  detector  shall  be  pro- 
vided in  each  shoe  of  the  thrust  bearing,  and  two  in  each  guide  bearing, 
located  to  indicate  the  hottest  spots.   The  contractor  shall  provide  suitable 
leads, in  conduit,  from  these  detectors  and  a  suitable  terminal  board  mounted 
on  the  bearing  bracket  or  stator  frame  in  a  location  approved  by  the  con- 
tracting officer. 
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In  proximity  of  the  babbitt  of  each  thrust  and  guide  bearing 
shall  be  installed  the  bulb  of  a  pneumatic  type  bearing  temperature  relay 
of  approved  make  which  will  close  a  pair  of  contacts  when  the  bearing  tem- 
perature reaches  approximately  105  de^^rees  Centigrade.   These  relays  shall 
be  mounted  in  an  approved  location  and  leads  brought  to  the  above-mentioned 
terminal  board.   The  contacts  shall  have  a  continuous  current  carrying  capac- 
ity sufficient  for  all  connected  equipment  and  shall  be  suitable  for  125 
volt  D'C.  operation. 

The  bearing  bracket  shall  be  of  sufficient  strength  and  rigidity 
to  support,  without  undue  vibration,  the  weight  of  the  entire  rotating  ele- 
ment of  the  (generator  and  turbine  with  the  hydraulic  thrust  thereon.   The 
bearing  bracket  shall  be  so  constructed  that  it  can  ba  removed  through  the 
generator  stater  without  disturbing  the  same.   The  pit  beneath  the  generator 
will  be  approximately  28  feet  in  diameter  for  the  main  units  and  approxi- 
mately 12  feet  in  diameter  for  the  house  service  unit,  eind  the  generator 
stator  shall  be  designed  to  allow  at  least  equal  openings  for  the  passage 
of  turbine  parts. 

2-15.  HOUS im,    STAIRS .  'RAILING,  £TC ,  Every  effor*  shall  be  made  to  flesign 
and  build  these  generators  so  as  to  present  a  pleasing  appearance  and  the 
contractor  shall  cooperate  with  the  contracting  officer  to  this  effect. 
Drawing  No.  4^-5-7  attached  hereto  shows  the  desired  arralngement  of  housing, 
etc.,  and  the  contractor  shall  maintain  this  general  scheme,  so  far  as  is 
practicable,  varying  the  details  to  suit  his  particular  generator  designi 
but  subject  to  approval  by  the  contracting  officer.   Should  there  be  more 
than  one  generator  contractor,  they  will  be  required  to  cooperate  to  the  3nd 
that  the  external  appearance  of  the  generators  will  be  as  uniform  as  prac- 
ticable. 

Stairs,  railings  and  platforms  outside  of  the  generator  housing 
will  be  furnished  by  others  but  the  generator  contractor  shall  cooperate  in 
the  arrangement  for  supporting  the  sajne  wherever  they  are  to  be  attached  to 
any  part  of  the  equipment  furnished  under  this  contract. 

Any  inspection  doorways  or  handholes  made  in  the  generator  housing 
shall  be  closed  with  approved  doors  or  covers,  and  made  air  ti^t  with  satis- 
factory packing  and  anti-rattle  latches  or  similar  fastenings. 

The  generator  housing  and  stator  shall  be  concentric. 

2-16.  BREAKS  AND  JACKS.   Bach  generator  shall  be  provided  with  suitable 
air-operated  brakes  of  sufficient  capacity  to  bring  the  rotating  parts  of  the 
generator  and  turbine  to  a  stop  from  one-half  normal  operating  speed  within 
7-1/2  minutes  after  the  brakes  are  applied,  without  injurious  heating  of  the 
braking  surface  on  the  generator  rotor,  without  field  excitation  on  the  gen- 
erator, and  with  leakage  through  the  turbine  gates  not  exceeding  an  auiount 
which  will  produce  one  per  cent  (1%)    of  the  full  rated  generator  torque. 
The  f)iping  system  to  the  brake  cylinders  shall  be  constructed  so  as  to  equa- 
lize the  pressure  at  all  oyliaders  and  operate  all  brake  shoes  simultaneous- 
ly.  Control  equipment  for  automatic  and  manual  admission  to  and  release 
of  air  from  the  operating  cylinders  of  the  brakes  will  be  supplied  by  the 
governor  contractor.   The  air  brakes  shall  be  designed  for  operation  with 
an  air  pressure  of  one  hundred  (103)  pounds  per  square  inch.   The  brakes 
shall  also  be  designed  to  serve  as  hydraulic  jacks  to  lift  the  generator  and 
turbine  rotor  for  removal  or  adjustment  of  the  thrust  bearings.   This  lift 

shall  not  exceed  5/8  inch  for  the  main  units  and  3/3  inch  for  the  house  ser- 
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vice  unit  and  all  parts  of  the  generator  shall  be  so  ooastructod  as  to  per- 
mit this  lift  wtthout  dismantling  or  disconnecting  any  parts.   A  portable 
high  pressure  oil  pomp,  Mfatson-Stillman  or  equal,  for  use  with  hydraulic 
lifting  jacks  shall  be  furnished  by  this  contractor  aad  an  opproved  provision 
shall  be  made  for  blocking  the  rotor  in  the  fully  raised  position.   All  pip- 
ing used  in  connection  with  the  air  brakes  and  hydraulic  lifting  jacks  shall 
be  furnished  complete  to  a  point  belo',-/  the  bearing  bracket  and  shall  be  cap- 
able of  withstanding  the  maximum  oil  pressure  required  to  lift  the  rotor. 
The  brake  shoes  shall  be  provided  with  suitable  moulded  asbestos  friction 
wearing  surfaces  which  shall  be  renewable. 

2-17.  qXCITSRS.   Each  main  generator  shall  be  provided  with  a  direct - 
oonnected,  shunt  wound,  250  volts,  separately  excited  main  exciter  mounted 
above  the  generator,  and  a  direct-connected,  compound  wound,  250  volts,  self- 
excited  pilot  exciter  mounted  above  the  main  exciter.   The  house  service 
unit  shall  be  provided  with  a  direct-connected  sslf-excited  main  exciter, 
mounted  above  the  generator.   The  method  of  mounting  the  exciters  shall  be 
such  that  either  the  armature  or  the  field  of  either  exciter  can  be  readily 
removed  and  replaced  by  a  spare  part.   The  capacity  of  the  main  exciter 
shall  be  adequate  to  supply  the  field  exc^itation  current  of  the  generator 
to  which  it  is  connected  when  the  latter  is  continuously  operated  at  normal 
rated  k-jv  output,  rated  power  factor  lagging,  and  10^?  of  normal  rated  volt- 
age.  The  capacity  of  the  pilot  exciter  shall  be  adequate  to  supply  the 
field  excitation  current  of  the  main  exciter  to  which  it  is  connected  with 
the  above  load  conditions  on  the  alternator.   The  temperature  rise  of  the 
main  and  pilot  exciters  when  delivering  rated  output  continuously  s'aall  not 
exceed  forty  degrees  (4^^)  Centigrade  for  the  armature  and  field  winding, 
and  fifty-five  degrees  (55°)    Centigrade  for  the  commutator.   The  armatui-e 
and  the  field  windings  of  both  main  and  pilot  exciters  shall  be  insulated 
with  Class  A  insulation  as  defined  by  the  A.S-A.  Standards.   The  main  ex- 
citer shall  be  designed  to  have  a  speed  of  response  as  defined  and  measured 
in  accordance  with  'the  latest  recommendations  of  the  A.  I.E.  5.  of  not  less 
than  0.5.   On  the  main  units  the  main  exciter  shall  be  designed  for  operat- 
ing with  the  armature  leads  connected  directly  to  the  field  collector  ritigs 
and  in  connection  with  an  automatic  voltage  regulator.   On  the  house  ser- 
vice unit,  one  main  exciter  lead  shall  be  brought  out  to  a  single  pole 
field  circuit  breaker.   The  main  and  pilot  exciters  shall  be  designed  to 
operate  safely  at  the  runaway  speed  specified  for  the  main  generator.   Com- 
mutation shall  be  practically  sparkless  from  no  load  to  one  hundred  fifty 
percent  {150%)    ofthe  full  load  current  as  defined  by  the  A.  I.E. E.  Standards. 

2-18/  VOLTAaS  REGULATORS.   An  automatic  voltage  regulator  of  the  latest 
improved  high  speed  type,  responsive  to  average  three-phase  voltage,  complete 
with  all  necessary  relays,  cross-current  compensators,  transfer  switches, 
current  and  potential  transformers  and  auxiliary  appurtenances,  designed  for 
use  with  high  speed  response  excitation,  shall  be  furnished  with  each  geaora- 
tor.   The  voltage  regulator,  together  with  the  generator  excitation  system 
shall  be  capable  of  responding  to  changes  in  the  alternating  current  volt- 
age in  a  period  of  three  cycles.   It  shall  function  without  .hunting  and 
shall  prevent  dangerous  rise  in  main  and  pilot  exciter  voltage  at  runaway 
speeds.   The  contractor  shall  furnish  all  transfer  switches,  control 
switches,  indicating  lights,  hand  operated  voltage  adjusting  rheostat, 
flush  mounting  main  control  element  and  all  other  required  regulator  parts 
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that  mount  on  the  main  switchboards,  and  wiring  diagrams  and  dimension 
drawings  for  the  same  ,  Tho  main  generators  shall  be  provided  with  all  volt- 
age regulator  apparatus  required  for  satisfactory  operation  of  the  genera- 
tors in  parallel.   ^11  relays,  control  switches  ,etc.  required  for  the  regu- 
lators but  not  mounted  on  the  main  switchboards  shall  be  mounted  by  this 
contractor  on  the  face  of  the  main  oxoiter  rheostat  or  on  a  steel  panel  ad- 
jacent thereto.  This  pemel  shall  match  in  appearance  as  nearly  as  practica- 
ble with  the  face  of  the  rheostat.  For  each  main  unit  a  main  exciter  rheo- 
stat with  field  discharge  resistor  shall  be  furnished  with  the  regulator 
and  shall  be  arranged  for  remote  operation  from  the  main  switchboard  by  the 
regulator  and  by  a  manually  operated  switch.   Provision  shall  be  made  for 
adjustment  to  allow  for  any  variation  between  calculated  and  test  values  of 
field  saturation  curve. 

For  each  main  generator  a  remote  controlled  main  exciter  field 
breaker,  a  hand-operated  pilot  exciter  field  rheostat,  and  a  pilot  exciter 
voltmeter  shall  be  furnished  and  mounted  on  the  above-mentioned  steel  panel. 
A  similar  remote  controlled  field  breaker,  hand-operated  exciter  rheostat 
SLnd  an  exciter  volmeter  shall  be  furnished  and  mounted  for  the  exciter  on 
the  house  service  generator.  Terminal  blocks  shall  be  provided  for  all 
wiring  external  to  these  panels  eind  complete  wiring  diagrams  shall  be  fur- 
nished. 

2-19.  PSRMA.WENT  MAGNST  GSNSRATOR  AND  TACHOMSTSR.  The  governor  contrac- 
tor will  furnish  a  permanent  magnet  generator,  properly  insulated  from  other 
equipment,  for  driving  the  governor,  and  approved  over speed  switch  ;neans  of 
indicating  turbine  breakaway  and  final  stopping  of  the  unit,  and  a  tachome- 
ter for  each  generator*  The  generator  contractor  shall  cooperate  to  pro- 
vide proper  mounting  for  these  parts  and  wiring,  in  concealed  conduits,  for 
the  same,  brought  to  approved  terminal  blc^jks  in  the  base  of  tho  stator  at 
an  agreed  location. 

2-20.  SHOP  INSPSCTION  AND  TSSTS.   All  materials  and  workmanship  shall  bo 
subject  to  inspection  by  the  contracting  officer  at  the  place  of,  and  at  all 
times  during ,man.ufaoture. 

The  contractor  shall  notify  the  contracting  officer  as  far  in  ad- 
vance as  practicable  when  each  machine  will  be  ready  for  test  so  that  tho 
test  may  be  witnessed  by  his  representative. 

All  main  exciters  and  pilot  exciters  shall  be  subjected  to  tho  fol- 
lowing tests  at  tho  faotorys 

&.   Dielectric  te«t  after  complete  assembly. 

b_.  Measure.aent  of  resistance  of  the  armature  and  field  windings. 

Tho  exciter  for  the  house  service  generator,  one  main  exciter  for 
the  main  gendrator  and  one  pilot  exciter  shall  ba  subjected  to  the  following 
tests  at  the  factory:   (Should  there  be  more  than  one  manufacturer  for  the 
!nf^onT  ??^?  S^'^arators,  thir  shall  be  interpreted  to  mean  one  main  exciter 
and  one  pilot  exciter  of  each  manufacture.)  *oitor 

c..  Heat  run  to  determine  tha  temperature  rise  under  continuous 

operation  at  rated  full  load. 
d.    Test  to  determine  the  saturation  and  regulation  curves. 
a.«  Tests  to  determine  the  losses  and  efficiency 
f.'  Test  of  overload  commutation. 
gj    Test  to  determine  speed  of  response. 
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The  tests  on  the  exciters  shall  be  conducted  in  accordance  with  the 
current  A'S»A«  Standards  and  the  results  of  the  tests  shall  determine  whether 
or  not  the  contractor's  guarantee  and  the  requirements  of  these  specifications 
have  been  fulfilled.   Two  certified  copies  of  the  results  of  the  tests  shall 
be  furnished  to  the  contracting  officer,  and  one  copy  shall  be  furnished  to 
the  Division  aigineer.   The  contractor  shall  also  furnish,  in  like  manner, 
copies  of  curves  showing  the  characteristics  of  the  exciters  as  determined  by 
the  factory  test,  as  follows; 

Sfficiency,  plotted  against  amperes  output. 

Armature  copper  loss,  plotted  against  amperes  output. 

Field  copper  loss,  plotted  against  amperes  output. 

Core  and  stray  losses,  plotted  against  amperes  output. 

Total  losses,  plotted  against  amperes  output. 

Saturation  open  circuit  volts,  plotted  against  field  amperes. 

Regulation,  volts  plotted  against  amperes  output. 

Calculated  voltage  rise  at  runaway  speed. 

For  the  main  generators,  complete  assembly  of  the  generators  at  the 
factory  will  not  be  required.   The  insulation  between  turns  of  the  stator 
coils  shall  be  tested  at  the  factory  by  impressing  an  alternating  potential  at 
suitable  frequency  across  each  coil  so  as  to  produce  a  voltage  of  ten  (10) 
times  normal  operating  voltage  between  adjacent  turns.   The  insulation  be-^ 
tween  turns  of  the  field  coils  of  the  generator  shall  be  similarly  tested  so 
as  to  produce  a  voltage  of  forty  ('40)  volts  between  adjacent  turns. 

The  house  service  generator  shall  be  completely  assembled  at  the 
factory  and  subjected  to  all  shop  and  field  tssts  specified  for  the  main 
generators.   After  erection  in  the  field  this  generator  and  its  exciter  shall 
again  be  subjected  to  the  standard  high  potential  tests. 

All  shafts  shall  be  tested  as  specified  in  paragraph  2-13. 

All  oil  coolers  shall  be  subjected  to  a  static  water  pressure  of 
75  lbs.  per  square  inch  for  a  period  of  one  hour  and  shall  show  no  leak. 

The  waivsr  of  any  test,  or  of  the  witnessing  thereof  by  the  con- 
tracting officer,  shall  not  constitute  relinquishment  of  the  contractor's 
responsibility  to  fully  meet  the  requirements  which  were  to  have  been  demon- 
strated by  the  test. 

2-21.  FISID  ERSCTION.   The  contractor  shall  furnish  all  labor,  tools, 
equipment,  an.^  materials  and  be  responsible: 

For  furnishing  proper  foundation  bolts  sind  drawings  in  sufficient 
detail  to  permit  others  to  set  the  bolts. 

For  setting  and  grouting  all  sole  plates  for  the  stator  and  bearing 
brackets. 

For  complete  erection  of  all  generator  parts  including  the  exciters 
and  housing  and  placing  of  the  air  coolers.   The  rheostats,  regulators,  and 
any  other  auxiliaries  furnished  by  the  contractor,  but  mounted  remote  from 
the  units  by  others  shall  be  unloaded  and  stored  by  the  contractor  until  such 
time  as  they  can  be  received  by  the  electrical  contractor  or  the  general 
build inj  contractor  who  is  to  install  them. 

For  placing  of  bolts  in,  and  the  shield  on,  the  coupling  between 
generator  and  turbine. 

For  alignment  of  the  generator  with  reference  to  the  turbine. 

For  dynamic  balance  of  the  generator  rotor  and  all  adjustments  re- 
quired for  the  same  so  that  the  generator  will  operate  under  any  load  con- 

■ 
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ditions  without  detrimental  vibrations  or  objeotionabl©  noises. 

por  cleaning  up  in  acoordanoe  with  the  requirements  of  paragraph  1-37- 

2-22.  FISLD  TBSTS.  After  the  main  generators  and  auxiliary  equipment  have 
been  installed  in  the  power  plant  ready  for  operation,  the  generators  shall  be 
tested  by  and  at  the  expense  of  the  generator  contractor  to  determine  whether 
or  not  the  contractor's  guarantees,  and  the  requirements  of  these  specifica- 
tions, have  been  fulfilled.   The  test  shall  be  made  in  acoordanoe  with  the  ap- 
plicable standards  of  the  American  Institute  of  Electrical  Bnginoers  in  effect 
at  the  time  of  opening  of  bids,  except  as  herein  noted.   Bach  generator  shall 
be  subjected  to  the  following  testst 

a.  Dielectric  test  of  armature  and  field  windings.  Por  this  test 
the  Cxovernment  will  furnish  the  required  transformer,  breaker, 
rheostat,  and  voltmeter. 

b.  Resistance  of  armature  and  field  windings. 

c.  No-load  saturation  test. 

"d.    Short-circuit  saturation  test. 

9.  Determination  of  core  losses. 

f.  Test  to  show  tijne  required  for  the  rheostat  to  make  full  trav3l. 
3aoh  pilot  exciter  rheostat  or  resistor  shall  be  tested  to  de- 
termine the  sufficiency  of  the  field-reducing  resistance  to  keep 
the  voltage  of  the  pilot  exciter  within  safe  limits  when  the  unit 
is  operating  at  runaway  speed. 

^.  In  addition  to  the  above  listed  tests,  the  contractor  shall  per- 
form without  extra  charge,  any  minor  tests  required  to  establish 
conformance  of  the  equipment  with  the  guarantees  and  the  specifi- 
cations. 


ing  tests: 


One  generator  of  each  manufacturer  shall  be  subjected  to  the  follOw- 


h.  Telephone  interference  factor  determination. 

i.  Short-circuit  test  to  demonstrate  that  the  generator  is  capable 
of  withstanding  short-circuit  stresses  without  injury  when  the 
machine  is  operating  under  rated  load.   This  test  shall  be 
made  by  abruptly  short-circuiting  tne  generator  when  operating 
at  no  load,  rated  frequency  eind  10  per  cent  above  rated  voltage 
for  a  period  of  not  more  than  30  seconds.   One  of  the  current 
waves,  when  taken  on  an  oscillograph,  shall  be  practically  com- 
pletely offset.   If  the  first  short-circuit  does  not  produce 
this,  additional  short-circuits  shall  be  applied  until  such  is 
obtained. 

j.  Determination  of  friction  and  windage. 

k.  Heat  run  to  determine  the  temperature  rise  of  the  various  parts 
of  the  generator  when  operating  continuously  at  full  rated  out- 
put.  Load  will  be  provided  at  the  expense  of  the  Grovernment. 

1,  Test  to  determine  direct  axis  transient  reactance. 

m.  Test  to  determine  negative  sequence  reactance. 

"n.  Test  to  determine  zero  sequence  reactance. 

"o.  Deviation  factor  of  wave  form-  Oscillograms  shall  be  taken  of 

-  the  wave  form  of  the   voltage  of  each  phase  of  the  armature 

winding  when  the  generator  is  operating  at  normal  rated  voltage 
at  no  load. 
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_£,   Determination  of  time  for  brakes  to  stop  the  machine  from  one- 
half  speed  with  driving  torque  reduced  to  1%   of  rating  and  v/ith 
main  exciter  field  open. 

a.  Test  to  determine  the  short-circuit  ratio. 

The  contractor  shall  keep  the  contracting  officer  advised  as  to  time 
when  field  tests  will  be  conducted  and  ample  notice  shall  be  given  so  that  the 
contracting  officer  or  his  representative  may  arrange  to  witness  the  tests. 
Four  certified  copies  of  the  results  of  the  field  tests  and  two  copies  of 
curves  showing  characteristics  of  the  machines  as  determined  by  these  tests 
shall  be  furnished  to  the  contracting  officer,  and  one  copy  of  the  results  of 

the  tests  and  one  copy  of  the  curves  shall  be  forwarded  to 

.   The  waiver  by  the 

contracting  officer  of  any  test,  or  of  the  witnessing  of  the  same,  shall  not 
constitute  relinquishment  of  the  contractor's  responsibility  to  fully  meet  the 
requirements  v/hich  were  to  have  been  demonstrated  by  that  test. 

2~23.0VSR3PS3D  TSST.   Each  main  generator  shall  be  operated,  within  one 
month  after  it  has  been  installei,  at  runaway  speeds  specified  in  paragraph 
2-06  for  a  period  of  not  more  than  5  minutes  after  the  full  speed  has  been 
attained.   This  test  is  to  demonstrate  that  the  thrust  bearing  will  not  over- 
heat and  that  all  parts  of  the  generator  will  successfully  withstand  stresses 
incident  to  runaway  speed. 

2-24.  pATTSRWS  Arro  TSI'g'LATSS.   All  parts  shall  be  made  accurately  to  stan- 
dard gages  where  possible  so  as  to  facilitate  replacement  and  repair.   The 
contractor  shall  provide  and  retain  in  storage  for  at  least  ten  years,  free 
of  cost  to  the  Government,  sufficient  templates,  gages,  patterns  or  records, 
to  allow  the  contractor  to  make  repair  or  replacement  of  parts.   Any  special 
templates  and  gages  required  for  erection  shall  be  furnished  and  shall  become 
the  property  of  the  government. 

2-25.  TOOLS  AND  SPSCIAL  S-;).UIPMSNT.   The  generator  contractor  shall  furnish 
for  each  size  of  unit  a  complete  set  of  end  wrenches  and  any  special  wrenches, 
tools  or  equipment  that  may  be  necessary  or  convenient  for  assembling  or  dis- 
mantling any  part  of  the  generators  and  auxiliary  equipment.   He  shall  also 
furnish  a  satisfactory  lifting  device  for  attaching  the  heavier  parts  to  the 
crane  lifting  beam  or  beams  and  proper  eye  bolts,  hooks,  slings,  etc.  for 
lifting  all  other  parts.   In  designing  such  lifting  devices  the  contractor 
shall  cooperate  with  the  crane  manufacturer  and  such  other  generator  manufac- 
turers as  may  be  building  one  or  more  of  the  generators  to  the  end  that  all 
lifting  devices  shall  successfully  operate  with  one  set  of  lifting  beams  fur- 
nished by  the  crane  manufacturer.   He  shall  submit  with  his  proposal  a  com- 
plete detailed  description  and  itemized  list  of  the  tools  and  equipment  which 
he  proposes  to  furnish  and  all  such  tools  and  equipment  shall  become  and  re- 
main the  property  of  the  'government.   The  smaller  tools  shall  be  mounted  on 
a  neat  sheet  steel  board  provided  with  means  for  ready  identification  of 
tools. 

^-26.  SPARS  PARTS.   The  following  spare  parts  shall  be  included   by  the 
contractor  for  each  group  of  six  main  generators  and  by  the  contractor  for 
the  house  service  generator: 

One  complete  set  of  wearing  parts  for  thrust  bearing,  including 
rotating  member  and  complete  sat  of  babbitted  stationary  members. 

One  complete  babbitted  liner  for  the  guide  bearing  or  bearings. 
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One  complete  throv/  or  belt  of  main  generator  coils  and  the  neces- 
sary materials  for  installing  the  same. 

Two  complete  field  coils  of  each  type  used,  including  necessary  in- 
sulation for  installation. 

One  complete  field  coil  of  each  type  for  each  type  of  exciter,  in- 
cluding necessary  insulation  for  installation. 

Two  brush  holder  stud  assemblies  , complete  with  insulation  and  brush 
holders,  of  each  type  furnished  under  this  contract. 

One  complete  set  of  contracts,  springs  and  coils  as  required  for 
each  type  of  relay,  contractor,  transfer  and  auxiliary  switch  and  control 
element  furnished  under  this  contract. 

One  complete  set  of  gaskets  and  packing. 

Two  complete  sets  of  all  brushes  for  exciters  and  main  field. 

All  spare  parts  furnished  shall  be  interchangeable  with  and  shall 
be  of  the  same  material  and  workmanship  as  the  corresponding  original  parts. 

2-27.  LATZNT  DSFECTS.  ERRORS  kW   OMISSIONS.   Any  apparatus  or  part 
thereof  which,  within  one  year  from  date  the  apparatus  is  placed  in  opera- 
tion, shows  defects  not  disclosed  prior  to  acceptance  by  the  Government 
shall  be  promptly  replaced  by  the  contractor,  free  of  all  costs  to  the  Gov- 
erament  and  all  expense  of  transportation  and  installation  of  such  replace- 
ment or  replacements  shall  be  borne  by  the  contractor.   Deductions  may  be 
made  from  any  payments  due  the  contractor  for  any  expense  incurred  by  the 
Government  in  correcting  errors  or  omissions  on  the  part  of  the  contractor. 

2-23.  RIGHT  TO  OPSRATS  UNSATISFACTORY  APPARATUS.   The  Government  shall 
have  the  right  to  operate  any  and  all  apparatus  as  soon  as,  and  as  long  as, 
it  is  in  operating  condition  whether  or  not  such  apparatus  has  been  accepted 
as  complete  and  satisfactory,  except  that  this  shall  not  be  construed  to  per- 
mit operation  of  any  apparatus  which  may  be  materially  damaged  by  such  opera- 
tion before  the  required  alterations  or  repairs  have  been  made.   All  repairs 
or  alterations  required  of  the  contractor  shall  be  made  at  such  time  as  the 
Government  may  be  able  to  operate  satisfactorily  without  the  apparatus. 

2-29.  PAINTING.   All  unfinished  surfaces  of  all  apparatus,  except  those 
surfaces  which  will  be  embedded  in  concrete,  snail  be  thoroughly  cleaned, 
filled  and  painted  by  the  contractor  at  the  factory,  with  a  suitable  priming 
paint   satisfactory  to  the  contracting  officer.   Pinal  painting  of  the  ap- 
paratus will  be  done  by  others  after  erection  is  completed.   All  finished 
surfaces  snail  be  protected  from  corrosion  by  a  readily  removable  rust  pre- 
ventative compound.   All  finished  brass  work  sbiall  be  suitably  wrapped  or 
otherwise  protected  from  damage  during  shipment  and  installation. 

2-30.  METHOD  OF  SHIPMENT.   The  contractor  shall  load  all  materials  and 
Apparatus  for  shipment  in  such  a  manner  and  in  such  type  of  oars  as  will  per- 
mit the  use  of  the  power  house  crane  for  unloading  parts  requiring  this  and 
shall  be  held  responsible  for  ana  shall  promptly  replace  all  materials  and 
apparatus  lost  or  damaged  because  of  improper  packing  or  loading. 
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Irivitation  No, 


STANDARD  GOVERNMENT  FORM  OF  BID 
(Construction  Contract) 


(Place)_ 
(Dete) 


To:   The  District  Engineer 

St.  Lawrence  River  District 
U.  S.  Engineer  Office 
Massena,  New  York 

In  compliance  with  your  invitation  for  bids  dated 


and  subject  to  all  the  conditions  thereof,  the 


undersigned  :: 

e  corporation  organized  and  existing  under  the  laws  of  the  St&te  of 
»  a  partnership  consisting  of  


or  an  individual  trading  as 
of  the  city  of 


♦  hereby  proposes  to  furnish  all  plant, 

labor  and  materials,  and  perform  all  work  specified  in  the  following 
schedules,  in  strict  accordance  with  the  specifications,  schedules, 
end  drawings,  for  the  consideration  of  the  following  prices: 

The  contractor  shall  furnish  all  labor,  materials,  plant  and 
equipment  to  perform  all  the  work  necessary  to  complete  the  manufac- 
ture of  generators  and  appurtenances,  deliver  the  same  f.  o.  b.  railrof^d 
cars  at  points  designated  in  his  bid,  unload  the  same  from  the  cars 
and  erect  them  in  the  Barnhart  Island  power  house,  all  in  accordance 
with  the  attached  specifications  for  the  consideration  of  the  unit 
prices  as  follows: 


Schedule 

I 


Unit 


Description 


II 


III 


IT 


Lump  Sum    53*000  i^vs  generators 
and  appurtenances 

Floor  plates  for  support 
of  rotors  as   specified 
in  paragraph  I-3I 

Lump  Sum    55 tOOO  kva  generators 
and  appurtenances 

Lump  Sum     55*000  kva  generators 
and  appurtenances 

Lump  Sum     7,500  kva  generators 
and  appurtenances 


Quantity 
6 


Amount 


Bidder  may  bid  on  any  one  schedule  or  ccmbination  of  sche- 
dules.  The  contracting  officer  reserves  the  right  to  change  gen- 
erator unit  niJinbers  in  any  or  all  schedules  to  insure  contract  for 
all  units  in  the  United  States  portion  of  the  power  house. 

Fach  bidder  shall  submit  with  his  proposal,  the  following, 
data  to  accompany  his  bid  on  Schedule  I,  II  or  III  for  55 •000  ^a 
generators: 

Drawings,  photographs,  or  cuts: 

a.  Of  generators  of  type  proposed. 

b.  Showing  proposed  rotor  construction. 
it'  Of  proposed  bearings. 

Description  of  proposed  regulators. 

Quantity  of  cooling  air  required  to  be  circulated  per  minute. 

General  dimensions  and  weights  of  stator  parts  as  shipped 
and  as  assembled. 

General  dimensions  and  weights  of  rotor  parts  as  shipped 
and  as  assembled. 

Proposed  arrangement  and  size  of  sole  plates  for  the 
stator  and  for  the  bearing  bracket  end  weight  on  each  during  opera- 
tion. 

General  dimensions  of  bearing  bracket. 

Overall  height  of  assembled  unit  above  top  cover  plate. 

Overall  diameter  of  generator  housing. 

Distance  fro;n  top  cover  plate  to  stator  sole  plates  and 
to  bearing  bracket  sole  plates. 

List  of  tools  and  special  equipment  to  be  furnished  with 
generator  in  accordance  with  paragraph  1-   of  Detail  Specifica- 
tions. 

Sizes  of  inlet  and  outlet  pipes  and  amount  of  water  re- 
quired for  air  coolers. 


Each  bidder  shall  submit  with  his  proposal  the  following  data 
to  accompany  bid  Schedule  IV  for  one  7,3000  kva  generator: 

Drawings,  photographs,  or  cuts: 

Q,.     Of  generators  or  type  proposed 

_b-  Showing  proposed  rotor  construction, 

j».   Of  proposed  bearings. 

Description  of  proposed  regulators. 

Quantity  of  cooling  air  required  to  be  circulated  per  minute. 

General  dimensions  and  weights  of  stator  parts  as  shipped 
and  as  assembled. 

General  dimensions  and  weights  of  rotor  parts  as  shipped 
and  as  assembled. 


Bid  Fonn  -  2 


Proposed  arrangement  end  size  of  sole  plates  for  the 
stator  and  the  bearing  bracket  and  weight  on  eeth  during  operation. 

Geheral  dimensions  of  bearing  bracket. 

Overall  height  of  assembled  unit  above  top  cover  plate. 

Overall  diameter  of  generator  housing. 

Distance  from  top  cover  plate  to  stator  sole  plates  and 
to  bearing  bracket  sole  plates. 

List  of  tools  and  special  equipment  to  be  furnished 
with  generator  in  accordance  with  paragraph  of  Detail  Specifications. 

Sizes  of  inlet  and  outlet  pipes  and  amount  of  water  re- 
quired for  air  coolers. 


It  is  hereby  warranted  that  in  the  event  award  is  made  to 
the  undersigned  there  will  be  used  in  the  performance  of  the  work 
covered  by  the  contract  only  such  unmenufactursd  articles,  materials, 
and  supplies  as  have  been  mined  or  produced  in  the  United  States, 
and  only  such  manufactured  articles,  materials  and  supplies  as  have 
been  manufactured  in  the  United  States  all  from  articles,  materials, 
or  supplies  mined,  produced  or  manufactured,  as  the  case  may  be,  in 
the  United  States  except  as  noted  below  or  otnerwise  indicated  in 
this  bid  or.  authorized  in  the  specifications. 

The  undersigned  agrees,  upon  receipt  of  written  notice  of  the 
acceptance  of  this  bid  within  6o  days  after  the  date  of  opening  of 
the  bids,  to  execute  the  standard  form  of  Government  contract  (re- 
vised September  9»  1935 •)  in  accordance  with  the  bid  as  accepted, 
and  give  performance  and  payment  bonds  with  good  and  sufficient  surety 
or  sureties  for  the  faithful  performance  of  the  contract,  and  for  the 
protection  of  all  persons  supplying  labor  and  materials  in  the  prose- 
cution of  the  work,  within  10  days  after  the  prescribed  forms  are  pre- 
sented for  signature. 

Performance  v/ill  begin  within  3^  calendar  days  after  receipt 
of  the  notice  to  proceed  and  will  be  completed  as  specified  in  Table 
I  of  the  specifications. 

The  data  sheets  attached  hereto  will  be  made  a  part  of  the 
contract.   All  blank  spaces  will  be  filled  in  by  the  contractor,  and 
no  changes  in  the  sheets  as  filled  in  will  be  allowed  after  award  of 
contract  except  upon  specific  written  orders  of  the  contracting  of- 
ficer. One  manufacturer  only  will  be  specified  for  each  item. 


(Full  Name  of  Bidder) 


(Witness  to  Signature)  B;^ 


(Corporate  Seal)  (Business  Address) 

Note:  Read  Standard  Government  Instructions  to  Bidders  before  preparing 

this  bid. 

Bid  Form  -  3 


DATA  SHEET   -  SCHEDULES   I,    II  &    III 


Guaranteed  Characteristics: 

55tOOO  KVA  Alternatinp;  Current  Generator 

Regulation,    in  per  cent  of  rated  voltage,   not  more 

than 
Unsatureted,    direct-axis,    transient  reactance  not 

more   than 
Efficiency  at  ^0%  power  f&ctor  at   twenty-five  per 

cent   (25^)  of  rated  kva,   not   less   than 

At  fifty  per  cent   (505f)  of  rated  kve ,  not   less 

than 

At  seventy-five  per  cent   (75^)   of  rated  kva, 

not   less   than 

At   one  hundred  per  cent   (100^)   of   rated  kva, 

not   less   than 


Exciters 

Rating  in  amps  at  2^0  volts 
Efficiency : 

At   fifty  per  cent   (505?)   of 

rated  capacity 

At  seventy-five  per  cent 
,(75^)   of  rated  capacity 

At   one  huhdred  per  cent 

(lOa:^)   of  rated  capacity 


Main 


Pilot 


»****«4>*» 


Shipping  point  (or  points) 


Giaaranteed  Maximum  Shipping  Weight  (If  more  than  one  ahippinig  point, 
give  shipping  weight  from  each  point): 


^Bidder) 


By. 


DATA  SHEET  -  SCHtDULE   17 

Guaranteed  Characteristics: 

7,500  EAA  Alternating  Current  Generator 


Regulation,   in  per  cent  of  rated  voltage,  not 

more  than 
Unsaturated,   direct-axis,   transient  reactance 

not  more   than 
Efficiency  at  9^^  power  factor  at   twenty-five 

per  cent   (2^%)  of  rated  kva,   not   less  than 

At   fifty  per  cent   (50%)   of  rated  kva,   not 

less   than 

At  seventy-five  per  cent   (75^)   of  rated  kva, 

not   less   than 

At  one  hundred  per  cent  (lOOJ?)  of  rated  kva, 

not  less  than 


Exciters 

Rating  in  amps  at  250  volts 
Efficiency: 

At  fifty  per  cent(50$^)  of  rated 

capacity 

At  serenty-fiTe  per  cent  (75^)  o^ 

rated  capacity 

At  one  hundred  per  cent  (1005?)  of 

rated  capacity 

Shipping  point  (or  points):    


Main 


Guaranteed  Maxim;am  Shipping  Weight  (If  more  than  one  shipping  point, 
give  shipping  weight  from  each  point): 


(Bidder) 


By. 


WAR  DEPARTMENT 


««    M  W  CI  1490 


Uoi  Norm.  H  W  El  t*tO 


Kti  et  iot.s 


CORPS  OF  ENGINEERS,  US.  ARMY 


(^^ 


pottini  Mat  r.»  £v  laao 


Grouting  holoo—^ 


MOM  r  m  £1  me    (£«> 


•-1$  troll  loot 
onmoloritf  Itootor 


ST  LAWRENCE    RIVER    PROJECT 

BARNHART     ISLAND    POWER    DEVELOPMENT 
POWER  HOUSE 

TRANSVERSE    SECTION 
THRU    MAIN    UNIT 


HMZA  cttaiNCCRWs  coimurr 

CwtCAW.  lU-WOtl 


CMMTJI'Jtl 


"Jfe'  48CII 


US.  CNOtMCCR  OFriGC 
•T  LAVRcact  mvfii  amriHcr 


SHEET   NO. 

Of SMEETSi; 


WAR  DEPARTMENT 


CORPS  OF  ENGINEERS,  U.S.  ARMY 


Hn    H  W  CI  1490 


Uci   norm  H  m  a  t4t0 


"=\ 


UNITED    STATES    POWER    MOUSE 

Xer    PLAN 

Scalt    0  too  f—l 


Iromlllt  »e/«f— ^i  '•»— »•*!•»•  /M» 


Bjj,iimiiivB!"||i">K'"inii;«'"Mii'i'A" 


thM.  T.W.  ElliO.O 


uti  T.  m  €1  nit  icii.) 


Seaf   0  t  f—f 


ST.  LAWRENCE    RIVER   PROJECT 

BARNHART     ISLAND    POWER    DEVELOPMENT 
POWER     HOUSE 

TRANSVERSE    SECTION 
THRU    HOUSE   UNIT 


HMZA  OMmOmNS  OOMMMY 
tMMUn 

CMICMO.  hIiWO* 


48CI5 


us.  EIWINEEfl  OFFICC 
•T  uMNMl  Mvfii  oami 


'SSfaj* 


WAR  DEPARTMENT 


CORPS  OF  ENGINEERS,  U.S.  ARMY 


_L 


-         '  90-0'         \  ' ! ., 


Ezuzmzn. 


t 


Scah     O  t    F—l 

I I 


t\-At  *\t  'i'^  y  t.rf<y  ^v  ¥lT  flrrfri 


ir 


'^iHrnfrrtATlrMl^nlnirilnnnlr^  ^       '^-~^ 


!r^tsii^r^^c^rs!r^^^r®![^^t^^c^r®i:®i 


B    >^  If     10 


SS      3*  C 


iireo    STATES    ^owiH  Mouse 


Kir  secnoN 
SMt9  0  100  rat^ 


Sccit  O  200  Fft 


ST   LAWRENCE    RIVER  PROJECT 

BARNHART     ISLAND     POWER   DEVELOPMENT 
POWER  HOUSE 

PLAN  AT  EL  197  5  FLOOR 
BLOCKS  36  AND  C 
US  POWER  HOUSE 


HARZA  CNaMaRINaCOHMNr 

CH1CA00,  ILLIMOW  


'■JjM-. 


48C56 


u.s  cNtiNceR  orricc 

•r  LAvKNCi  mveR  oitraicT 

MASSCNa.  NEW  TOIIK 


SHEET  NO J  JJI,.,  w..- 

OF. SHEETSI"    ""   ,.. 


HARZA 

ENGINEERING 

COMPANY 

CHICAOO 
CHARLESTON  9.C. 


Subject. 


GENERATOR 


PROPOSED     HOUSING 


Computed. 


.Checked. 


PROJECT  ST.   LAWRENCE 

File  No.        48E7 

Date /^""^P"  ^/  page of_ 


By  others 


By  generator 
contractor 


El.  197.5 


University  of 
Connecticut 

Libraries 


39153020739654 


